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PREFACE 



THE EIGHTH EDITION 



The few years which have elapsed since the publication of the 
seventh edition of this book have witnessed great advances in all 
branches of Bio- chemistry ; increase of our knowledge has been 
mainly due to the introduction of new methods of research. The 
multiplication of accurate analytical processes has, in fact, been 
somewhat of an embarrassment to me in the work of revision, 
but I trust the selection I have ultimately made will be found a 
judicious one. 

Although I have not increased the number of the lessons, it 
will be found that most of them have been somewhat lengthened. 
They can, however, be easily subdivided by the teacher according 
to the time at his disposal. In cases where numerous methods 
are described, having one object in common, it is not intended 
that the student should necessarily be acquainted with each. It 
is far better, for instance, that a student should know thoroughly 
one method for estimating sugar, than have an imperfect 
smattering of several. The selection of what methods are to 
be actually performed in class must depend upon the judgment 
of the individual teachers. 

I shall not attempt here an enumeration of the alterations 
and additions I have made, for hardly a page has escaped 
revision, but will merely call attention to a change in the type 
used for the practical instructions. It is hoped that the heavy 
type adopted will impress the students with the importance of 
their practical work. 

I have to acknowledge with thanks help and valuable 
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VI ESSENTIALS OF CHEMICAL PHYSIOLOGY 

suggestions from Mr J. Barcroft, F.R.S., especially in the 
sectiona which deal with Respiration, and the methods which 
he has introduced for investigating this subject. I am also 
indebted to my two colleagues at King's College, Dr 0. Rosen- 
heim and Mr C. F. Myers- Ward, for similar assistance in other 
portions of the book. Both of them have also rendered me 
invaluable service in the reading of the proof-sheets, and Mr 
Myers- Ward is responsible for the Index. 

W. D. HALLIBURTON. 

King's Collkqe, 

London, 1913. 
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PREFACE 



THE EIGHTH EDITION 



The few years which have elapsed eince the publication of the 
seventh edition of this book have witnesaed great advances in all 
branches of Bio-chemistry ; increase of our knowledge has been 
mainly due to the introduction of new methods of research. The 
multiplication of accurate analytical processes has, in fact, been 
somewhat of an embarrassment to me in the work of revision, 
but I trust the selection I have ultimately made will be found a 
judicious one. 

Although I have not increased the number of the lessons, it 
will be found that most of them have been somewhat lengthened. 
They can, however, be easily subdivided by the teacher according 
to the time at his disposal. In cases where numerous methods 
are described, having one object in common, it is not intended 
that the student should necessarily be acquainted with each. It 
is far better, for instance, that a student should know thoroughly 
one method for estimating sugar, than have an imperfect 
smattering of several. The selection of what methods are to 
be actually performed in class must depend upon the judgment 
of the individual teachers. 

I shall not attempt here an enumeration of the alterations 
and additions I have made, for hardly a page has escaped 
revision, but will merely call attention to a change in the type 
used for the practical instructions. It is hoped that the heavy 
type adopted will impress the students with the importance of 
their practical work. 

I have to acknowledge with thanks help and valuable 
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Boggeationa from Mr J. Earcroft, F.R.S., especially in the 
sections which deal with Respiration, and the methods which 
he haa introduced for investigating this subject. I am also 
indebted to my two colleagues at King's College, Dr O. Roaen- 
heim and Mr C. F. Myers- Ward, for similar assistance in other 
portions of the book. Both of them have also rendered me 
invaluable service in the reading of the proof-sheets, and Mr 
Myers- Ward is responsible for the Index. 

W. D. HALLIBURTON. 
Kino's College, 

London, 1913. 
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ESSENTIALS OF 
CHEMICAL PHYSIOLOGY 



INTRODUCTION 

Chemical Physiology is a. branch of phjeiological Bcience which 
deals with the chemical composition of the body and the part played 
by the various substances found there in carrying out the phenomena 
of life. It thus difTers from Physiological Ohcanistry, which is a brauch 
of organic chemistry, and treats of the chemical composition and 
reactions of physiological substances. These two subjects are closely 
interwovui, and this book really deals with both, although special 
prominence will be given to their physiological aspect. 

The BubstanceB found in the body are numerous, and in most cases 
complex ; the majority of the foods from which the body is built up 
are equally elaborate, for animals do not possess to such an extent as 
plants do the power of building up complex from simple materials. 

The elements found in the body are carbon, hydrogen, nitrogen, 
oxygen, sulphur, phosphorus, fluorine, chlorine, iodine, silicon, sodium, 
potassium, calcium, magnesium, lithium, iron, and occasionally 
manganese, copper, and lead. 

Of these very few occur in the free state. Oxygen and nitrogen (to 
a small extent) are found dissolved in the blood-plasma ; hydrogen is 
formed by putrefaction in the alimentary canal. With some tew excep- 
tions such as these, the elements enumerated above are found combined 
with one another to form compounds. 

The COmpoondB found in the body are divided into — 

(1) Mineral or inorganic compounds, such as water and salts. 

(2) Organic compounds, or compounds of carbon. 

The time-honoured classification of the organic principles into 
Proteins 
Carbohydrates 
Fats 
Is a little amplified in the following table : — 

1 1 
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2 ESSENTIALS OF CHEMICAL PHYSIOLOGY 

i. Nitrogenous ; 

(a) Proteins, e.g. albumin, myoain, gelatin. 

{h) Nitroqeaout lipoids, e.g. the fat-like subetatice knonn as 
lecithin. 

(c) Prodvctt of protein cleavage, e.g. amino-acids, urea, ammoDia. 
ii. Non-nitrogenous: 

(a) FiiU, e.g. butter, fata of adipoaa tisHue, 

(6) Carbohydrates, e.g. sugar, starch. 

(c) NoTirniirogenotti lipoids, e.g. cholesterol. 

(d) Simpler organic substances, mainly products of the break- 

down of those previously enumerated, e.ff. glycerol, fatty 
acids, lactic acid. 

Living material or protoplasm is the substance of which the body 
cells are built. It is in a continual state oF unstable chemical 
equilibrium, building itself up on the one hand, breaking down on the 
other J the term used for the sum-total of these intra-molecular 
rearrangements is meta.boliBm. 

The chemical substances in the protoplasm which are the most 
important from this point of view are the complex nitrogenous com- 
pounds called Proteins and the group of substances known as the 
Lipoids. So far as is at present known, proteins and lipoids are never 
absent from living substance, and up to the present time they have not 
been syntbesised by laboratory processes. 

The chemical structure of protoplasm can only be investigated after 
the protoplasm has been killed. The substances it yields are (1) Water ; 
protoplasm is semi-fluid, and at least three-quarters of its weight, often 
more, are due to water. (2) I>roteiiui. These are the most constant 
and abundant of the solids. A protein or albuminous substance con- 
tains the elements carbon, hydrogen, nitrogen, oxygen, with sulphur 
and phosphorus in small (quantities only. In nuclevn, a protein-like 
substance obtained from the nuclei of cells, phosphorus is more abun- 
dant. The protein obtained in greatest abundance from the cell- 
protoptosm is nucleo-protein : that is, a compound of protein with 
varying amounts of nuclein. White of egg is a familiar instance of an 
albuminous substance or protein, and the fact (which is also familiar) 
that this sets into a solid on boiling will serve as a reminder that the 
greater number of the proteins found in nature have a similar tend- 
ency to coagulate under the influence of heat and other agencies. 
(3) Lipoids, substances which resemble fats in their solubilities ; 
they play an important part in metabolism ; as instances of these we 
may mention lecithin, a fatrlike substance containing phosphorus 



Digmzcd by Google 



INTRODUCTION 3 

and aitrt^en, and cholesterol, a monohydric alcohol. (4) Inorganic 
salts, especially phosphates and chlorides of calcium, sodium, and 

The fats and carbohydrates are not essential constituents of proto- 
plaam, but they are found within many cells (cell-contents) and are 
mainly utilised for combustion, whereby heat and other forms of 
energy are liberated. 
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THE ELEMENTS CONTAINEn IN PHySIOLOGICAL COMPOUNDS 

1. Take a fragment of meat about the aize of a pea and place it in a 
porcelain cnicible over a Bunsen flame. Note that it chars, showing the 
presence of carbon, and that it gives ofi the unipleasant odour of burning 
flesh, which is due to the fact that it contains the nitrogenous substances 
called proteins. In course of time the organic material is completely 
burnt up, and a small amount of white ash or inorganic material is left 
behind. 

Z. Repeat the esperiment with a pure organic substance such as sugar. 
Note that no ash is left. Charring, as before, indicates the presence of 
carbon, but there is no characteristic smell of burning nitrogenous sub- 
stances (absence of nitrogen). 

3. The tests for carbon depend on the fact that when this element is 
oxidised it gives rise to carbon dioxide ; the test for hydrogen depends on 
the fact that when this element is oxidised it gives rise to water. If all the 
carbon dioxide and water formed by oxidation from a weighed amount of 
any organic substance under examination are collected and estimated, 
the amount of carbon and hydrogen respectively which it contains can be 
easily calculated. The foUowing exercises, however, deal only with the 
qualitative detection of these elements. 

4. TESTS FOB CARBON.— The following tests can be carried out 
with sugar. 

(a) When burnt in the air it chars and subsequently the carbon 
entirely disappears, passing oli in combination with oxygen as carbon 
dioxide (carbonic acid gas). 

(b) Mix some of the powdered sugar in a dry mortar with about ten 
times the quantity of cupric oxide (which has been freed from water by 
previous heating) ; place the mixture in a dry test-tube provided with a 
rubber cork perforated by a bent glass tube which dips into either lime 
water or baryta water. Heat the tube over a Burnen flame, and as the 
carbon of the sugar becomes oxidised carbon dioxide comes ofi and causes 
a white precipitate of calcium or bariam carbonate, as the case may be. 



Digmzcd by Google 



I 



ESREl 



k 



6. TEST FOB HYDROaEN.— In the expenment juat described (4 b) 
note that drops of water due to oxidation of hydrogen condense in the 
upper colder part of the test-tube. 

6. TESTS FOR NITROGEN.— The greater number of tests for this 
element are due to the circumstance that on the breaking up of organic 
substances which contain it, it is given o& as ammonia. If the ammonia 
is all collected and estimated, the amount of nitrogen can be easily cal- 
culated. Kjeidahl's method for carrying out this quantitative analysis 
is described in the Appendix. The following exercises, however, are 
qualitative only. 

(a) The characteristic odour of burning flesh, horn, hair, feathers, etc., 
has been already noted, and, though only a rough test, is very trustworthy. 

(b) Take a little dried albumin and mix it thoroughly in a mortar with 
about twenty times the amount of soda-lime and heat in a test-tube over 
a Bunsen flame. Ammonia comes ofE in the vapours produced, and may 
he recognised by (i) its odour ; (ii) it turns moistened red litmus paper 
(held over the mouth of the tube) blue ; (iii) it gives oR white fumes 
with a glass rod (held over the mouth of the tube) which has been dipped 
in hydrochloric acid. 

(c) Mix some dried albumin with about ten times its weight of a 
mixture of equal parts of magnesium powder and anhydrous sodium 
carbonate. A small quantity of the mixture is then carefully heated in a 
dry test-tube and finally heated more strongly for about half a mmute to 
red heat. Dip the tube whilst still glowing into a beaker containing about 
10 c.c. of distilled water ; the tube will break and its contents mix with 
the water. Filter and label the filtrate A ; divide it into two parts : to 
one part add one or two drops of cold saturated solution of ferrous sulphate 
and a drop of ferric chloride solution. Warm the mixture, then cool and 
acidify with hydrochloric acid. The fluid becomes bluish-green, and 
gradually a precipitate of Prussian blue separates out. This test is due to 
the fact that some of the nitrogen is fixed as sodium cyanide, and this 
gives the Prussian blue reaction with the reagents added. 

7. TESTS FOR SULPHUR.— (a) In the foregoing test (6 c) the sul- 
phur of the albumin combines with the sodium to form sodium sulphide. 
This may be detected by taking the other part of the flltrate A and adding 
freshly prepared solution of sodium nitro-prusside ; a reddish-violet 
colour forms. '^ f ' ' 

(b) TEST FOR LOOSELY COMBINED SULPHUR.— Add 2 drops of 
a neutral lead acetate solution to a few c.c. of caustic soda solution. The 
precipitate of lead hydroxide which is first formed soon dissolves. Heat 
a small portion of the albumin with this alkaline solution. The mixture 
turns black in consequence of the formation of lead sulphide, part of the 
sulphur present in albumin having been split off from it by the caustic 
BOda as sodium sulphide. 
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(c) Take some dried albumin and fuse witb a mixture of potash and 
potassium nitrate. Cool ; dissolve in water and filter. The filtrate will 
give the following test for sulphates : - Acidulate with hydrochloric acid 
and add barium chloride ; a white precipitate of barium sulphate is 
produced. 

8. TEST FOR PHOSPHORUS. -The test just described (7 c) may be 
repeated with some substance (such as caseinogen, nucleo-protein, or 
lecithin) which contains phosphorus in organic combination ; or the 
organic matter may be more conveniently destroyed by Neumann's 
method, which consists in heating it with a mixture of sulphuric and nitric 
acids. The resulting fluid in each case gives the following test for 
phosphoric acid : — Mix it with half its volume of nitric acid ; add am- 
monium molybdate in excess and boil ; a yellow crystalline precipitate 
of ammonium phospho-molybdate falls. 
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SYMBOLS AND ATOMIC WEIGHTS OF THE 
PRINCIPAL ELEMENTS 





. Al 


271 


Magnesium 


. Mg 


24-52 


Antimony 


. Sb 


120 '2 


Manganese 


. Mn 


55-0 


Araenic . 


. As 


75-0 


Mercury . 


• Hg 


2000 


Barium . 


. Ba 


137-37 


Nickel . 


. Ni 


58-7 


Biiunuth 


. Bi 


208-0 


Nitrogen 


. N 


14-01 


Boron . 


. B 


II-O 


Osmium . 


. Os 


191-0 


Bromine . 


. Br 


79-92 


Oxygen . 


. 


16 


Cadmium 


. Cd 


112-4 


Phosphoric 


. P 


31-0 


Cfilcium , 


. Ca 


40-1 


Platinum 


. Pt 


1950 


Carbon . 


. C 


12-0 


Potaeaium 


. K 


39-10 


Chlorine. 


. CI 


35-46 


Silver . 


■ Ag 


107 ■88 


Copper . 


. Cu 


63-57 


SUicon . 


. Si 


28 3 


Fluorine. 


. F 


190 


Sodium . 


. Na 


23-00 


Qold 


. An 


197-2 


Strontium 


. Sr 


87-6 


Hydrogen 


. H 


1-008 


Sulphur . 


. S 


3207 


Iodine . 


. I 


126-92 


Tin 


. Sn 


119-0 


Iron 


. Fe 


55-85 


Tungsten 


. W 


184-0 


Lead 


. Pb 


2071 


Zinc . 


. Zn 


65-37 


The above 


atomic weij 


hte are ta 


ken on the basi 


that 0=16 
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THE ELEMENTS CONTAINED IN PHYSIOLOGICAL COMPOUNDS 9 

The practical exeroiscs of the foregoing leesoa show, in the first 
itance, how the substances with which we have to deal fall under 
the two main categories of organic and inorganic. In sqjne of the 
tissues of the body, such as bone and tooth, the inorganic or mineral 
material ie in excess, but in the softer portions of the organism the 
organic compounds are in great preponderance. 

Organic chemistry is sometimea defined as the chemintry of the 
carbon compounds ; carbon is in all oaeeB present, and is iisually the 
most abundant element. 

The most important of the nitrogenous substances are the 
proteins, as already explained in the introductory chapter, and the 
detection and estimation of nitrogen are thus exercises of the higheet 
interest. 

All the proteins contain a small amount of sulphur ; keratin, or 
homy material, contains more than most of them do. 

Phosphorus is another element of aonsiderable importance, being 
present in nuclein and nucleo-protetns, and also in certain complex 
lipoids, of which lecitliin luay be taken as a type. Iodine occurs 
united to protein material in the colloid substance of the thyroid gland ; 
iron in the pigment of the blood called htemoglobin ; sodium, calcium, 
potassium, and other metals in the inorganic substances of the body. 
It would, however, lead us too tar into the regions of pure chemistry 
to imdertake eiercisea for the detection of these and other elements 
which might be mentioned, and have been already commented upon. 
The teacher of physiological chemistry is bound to assume that the 
students who come befoi'e him have already passed through a course 
of ordinary chemistry. 

The main interest of the exercises selected as types lies in their 
physiological application. As a rule an element is detected by breaking 
up or oxidising the more or less complex molecule in which it occurs 
into substances of simpler nature, and then performing tests for these 
simpler products. Thus carbon is identified by the formation of carbon 
dioxide, nitrogen by the formation of ammonia, and so forth. 

A great many reactions, which can be performed in the test-tube 
imitate those which are performed in the body. Reactions in viti-o 
and in vivo, to use the technical phrases, often, though not always, 
run parallel. Life, from one point of view, is a process of tombustion 
or oxidation ; the fuel is supplied by the food ; this is incorporated by 
the tissues and is then burnt up by the oxygen brought to it by the 
blood-stream, giving rise to animal heat and other manifestations of 
enei^y ; and finally the simple products of oxidation or qhemical 
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breakdown are carried to the oi^ds of excretion (lung, ekin, kidney, 
etc.), where they are diaoharged from the body. 

A candle consists principally of carbon and hydrogen ; when it is 
burnt the products are carbonic acid gas and water ; the former may 
be detected by means of lime water, the latter, by holding a dry beaker 
upside down for a few momeots over the burning candle, when the 
moisture will condense on the cold glass. 

The body is more complex than a candle, but ao far as its carbon 
and hydrogen are concerned the final products of combustion are the 
same. The carbon dioxide ia dischai^ed by the expired air, aa may be 
proved by blowing it into lime water. The water finds an outlet by 
aeveral channels, lunga, skin,, and kidneys. The preaenoe of nitrogen 
in the body is perhaps the moat striking chemical distinction between 
it and a candle, and here c^ain the procees of metaboliam runa a coiirae 
analogous in some degree to our experiments in vitro; for the moat 
important and abundant substance which contains the waete nitrogen 
is the simple material ammonia; but ammonia is only discharged as 
such to a very small extent in health. It unites with carbon aad 
oxygen to form the substance called urea (CON2H4), which finds its way 
out of the body vi4 the urine. The urine also contains the sulphates, 
due to the oxidation of the sulphur of the proteins, and the phosphates 
due to the similar oxidation of the phosphorus of such substances as 
lecithin and nuclein. Some of the salts of the urine, however, in 
particular the chlorides, come directly from the food. This we shall 
discuss at the proper place when we come to the study of the urine. 
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. ALCOHOL {ethyl alcohol). —The following reactions are to be 
carried out with 96 per-ccnt. alcohol or with the distillate obtained from 
an alcoholic liquid. The use of a distilling apparatus should de demon- 
strated. 

(a) Add 10 drops of alcohol to a small quantity of sodium acetate 
crystals in a test-tube. Allow about 30 drops of concentrated sulphuric 
acidtofall on the mixture and warm s«ntly. Ac'elir esfer (ethyl acetate) 
is formed, and is recognised by its characteristic smell : 

CH.OH i CH,C00H = CH,.C00C,H.4H,0. 

(b) Mix a few drops of alcohol with an equal amount of benzoyl 
chloride and add excess of strong potash. On continuous shaking the 
irritant smell of benzoyl chloride disappears and is replaced by the fruit- 
like odour of benzoic ester: — 

m C,H,OHf C„HsCOCl = C„Hs.CQOC,H, + HCl. 

^ (c) Heat 3 drops of alcohol with 2 drops of concentrated sulphuric 
acid. After cooling notice the smell of ethfr (ethyl ether). 

(d) Warm 10 drops of alcohol with 5 drops of concentrated sulphuric 
acid. After cooling neutralise with potash or soda. Potassium or 
sodium-ethyl sniphate is thus obtained; add a few drops of sodinm 
sulphide. On warming, ethyl niercaptan is formed and may be 
recognised by its garlic-like smell :— 

CjHs.SO^Na f NaSH = C,H,.SH-' Na.SO,. 

(e) Add 1 drop of alcohol to about 5 c.c. water. Make alkaline with 
strong potash and add iodine solution until the fluid remains yellow. On 
warming a yellow crystalline precipitate of iodoform (CHI9) forms, and its 
characteristic smell is noticed (Lieben's reaction) : — 

C,H,.OH h6NaOH h4I, = CHI,H H.COONa f 5NaI-h5H,0. 
2, ALDEHYDE {oce/«/(/eA!/f/e).—Warmafew drops of alcoholwitha 
solatiOQ of potassium bichromate and dilute sulphuric acid. The solution 
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turns green, owing to reduction. Aldehyde is formed and Tecognised by I 
its penetrating and irritant smell : — I 



P 



CH,.CHi.OH+0 = CH,.CHO I H,0. 
Perform the following reactions witb the solution of aldebyde supplied. 

(a) Acetaldebyde solution redvces FeMitig's solution on boiling, 
and a yellowisli-red precipitate of cuprous oxide is formed : — 

CHjCHO^-2CuO+NaOH = CHs.COONa4 CusO-HiO. 

(b) Add a few drops of ammonia to silver nitrate until the white 
precipitate just redissolves, and add a few drops of dilate aldehyde solution. 
Then add a little potash, place the tnbe in a cold-water bath and heat 
to boiling. A mirror of melallic silver is formed. 

AgsO + CHs. CHO = Agi + CH,. COOH. 

(c) On warming an aldehyde solution with caustic alkalis a hrown 
resinous substance (aldebyde resin) is formed ; this is insoluble in water, 
but easily soluble in alcohol or ether, 

(d) Add a small amount of an aldehyde solution to a solution of 
phenylhydiazine hydrochloride and sodium acetate. An oily hydrazone 
is formed :^ 

CH^-NH-NH, + CHj.CHO = C.Hs.NH.N ; CH.CH, 4- H^O. 

3. FORMIC ACID.— (a) Sodium formate, dissolved in a little water, is 
acidified with dilute sulphuric acid and warmed. Formic acid comes 
off and is recognised by its smell. 

(b) Warm a concentrated solution of sodium formate with concen- 
trated sulphuric acid. An odourless gas is developed which bums with a 
blue fiame {Carbon monoxide) :— 

H.COOH = COhHiO. 
(o) Add a few drops of alcohol and a few drops of concentrated 
sulphuric acid to some dry sodium formate in a test-tube and warm the 
miztnre. Notice the smell ot formic e.-:lpr. 

(d) Add silver nitrate to a dilute solution of sodium formate and warm. 
A deposit of black metallic /Hlver is formed : — 

an. COOAg = Ag. + H. COOH r CO,. 

(e) Heat a solution of mercuric chloride with a solution of sodium 
fbimate. A white precipitate, of mercunnis chloride is formed :— 

2H,COONa+2HgCl,=HgsCl3 + COB+CO+2»aCHH,0. 

(f ) A solution of formate gives a ted solution on the addition of ferric 
chloride. On boiling a hrownish-red precipitate is formed (a basic iron 
formate) which dissolves on the addition of hydrochloric aoid, 
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4. ACETIC ACID is prepared from alcohol by oxidising it with po- 
tassium permanganatfl and sulphnric acid, and then distilling it over. It 
ia recognj^ed by — 

(a) The characteristic taste and smell of vinegar. 

(b) Neutralise a few drops of glacial acetic acid with potash oi soda 
and add ferric chloride ; the red colour of ferric acetate appears ; on 
boiling a brownish-red precipitate of basic ferric acetate is formed. 

5. OXALICACID. — (a) Heat a few crystals of oxalic acid on platinum 
or nickel foil. It volatOises without charring or separation of carbon. 

(b) Dissolve a few crystals of oxalic acid in a few c.c. of concentrated 
sulphuric acid and warm. Carbon monoxide and carbon dioxide are 
_ j^olved :— 
m^m CO0B.COOH^0O,fCO+H,O. 

^^^~ {o) Acidic a solution of oxalic acid with dilute sulphuric acid and add 
potassium permanganate. The colour of the permanganate solution is 
discharged : — 

COOH.COOH + O - 2C0, + H,0. 

(d) Calcium chloride (or barium chloride) gives a white precipitate 
with oxalic aoid solution. These oxalates are not soluble in acetic acid, 
bat are easily soluble in hydrochloric acid. 

6. PHENOL (Garbolicacid).—{&) Add a few drops of dilute ferric 
chloride to a phenol solution : a purple colour is formed, which is 
discharged by hydrochloric acid :— 

3C.H.OH+FBCU=(C,H,0),Fe + 3HCl. 

(b) On adding bromine water to a dilute solution of phenol, a 
yellowish-white flocculent precipitate of tribromophenol is produced even 
in very dilute solutions : — 

CHsOH + SBr, = C.H ,Br,.OH + 8HBr. 

(c) Boil a dilute phenol solution with nitric aoid. A bright yellow 
solution results (picric acid), which turns into a brownish-yellow on adding 
alkali:— 

O^sOH h3HN0, = C3=(N0,),0H+3H.0. 

(d) Milton's reagent gives a deep red colour on warming with even 
very dilute phenol solntions. 

I A 
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It is oecesaary to study first some of the simpler organic compoundB 
in order tliat we may understand the nature of the more elaborate 
BubstanceB which are found in the body. 

HrdTOcarbons. — These are compounds of hydrogen and carbon, 
and form the basis of classification in organic chemistry. The simplest 
hydrocarbou known is methane, or marah gaa ; it has the formula CH^ ; 
if one of its hydrogen atoma is replaced by hydroiyl OH, we obtain the 
simplest alcohol ; thus : — 

■ H H 

I I 

CHg CH3.OH 

[metlutiel - [mctbil alcohol ] 

The next alcohol in the series is formed in a similar way from the next 
hydrocarbon CjHg {ethane) ; thus :— 



I 1 

CHg CHj-OH 

[ethnns] [ethil HlcobalJ 

and 80 on. 

Alcohols. — We may take ordinary or tthylic alcohol as a type of that 
important class of organic substances known as the alcohola. These 
are substances the knowledge of which may be r^arded as the starting 
point of many other organic compounds. Ethylic alcohol has the formula 
CjHgO ; one of its hydrogen atoms is replaceable by metals such as 
sodium or potassium, and we may therefore write the formula CjH^OH, 
the last hydrogen atom being the one which is replaceable by other 
monad elements. This atom is united to oxygen to form the atomic 
group called hydrosyl (OH). The hydroxy! can be replaced by chlorine 
by treating alcohol with phosphorus pentachloride, and a substance with 
the formula C^HjCl is obtained. The atomic group C^Hj which is 
unchanged and united to OH in alcohol, and to 01 in ethyl chloride, ia 
called ethyl. 

There are other alcohols in which the place of ethyl is taken by 
other organic radicals, or alkylt. Thus if the radical called methyl 
(CH3) ia united to hydroxyl we obtain methytic alcohol, CHj.OH. These 
two alcohols, methylic and ethylic, form the first two members of a 
group of alcohola, which are termed monohydric ; all of these contain 
only one hydroxyl group, and the following is a list of the first six 
members of this group with their formulse :— 
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CH^OH methyl alcohol 

C^5.0H ethyl 

CgHT-OH propyl 

C4He.0H butyl 

CjHii.OH 'amyl 

CaHjg.OH hesyl 

Each differs from the preceding by CHj. 

Aldehydes and Eetoaes. — Id the alcohols, there are posBibilitiee for 
uomeritm to occur; by this one means that although two (or more) 
Bubstancea may have the same empirical formula, the arrangement of 
the atoms or atomic groups within the molecule is different. A 
primary alcohol is one in which the hydrozyl (OH), and two hydn^en 
atoms are attached to the same carbon atom; it therefore containe 
the group CHj.OH. Thus the formula for common alcohol (primary 
ethyl alcohol) may be written : — 

CHj 

CHyOH 
and the formula for the next alcohol of the series (primary propyl 
alcohol) is : — 

OH, 



,.0H 



CH,.< 



If a primary alcohol is oxidised, two atoms of hydrogen are removed, 
and the oxidation product so formed is called an aldehyde (the name is 
derived from "alcohol dehydrogenatum ") ; thus [neth;fl alcohol yields 
formaldehyde, ethyl alcohol yields acetic aldehyde, and propyl alcohol 
yields propM>«ic aldehyde, as shown in the following equations : — 

H.CH,.OH + = H.CHO + H^O 

[msth^l ilcoliol] [fonnnldnhyda] 

CHg.CH,OH + = CH.CHO + HjO 

[atb;l iloohol] [uMllc aldah^da] 

CHj.CHj.CHjOH + = CHj.CHj.CHO + H^O 

[propyl tloobol] [propionic aldehyd*) 

The typical group of the aldehydes (CHO) is not stable, but is easily 
oiidisable to form the group COOH, which is called carboxyl. The 
readiness with which aldehydes are oiidisable renders them powerful re- 
ducing ^ents, and tests for their detection mainly depend upon this fact. 
A secondary alcohol is one in which the OH group and one hydrogen 
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atom is attached to the same carbon atom — thus secoodary propyl 
alcohol (the first case where iBomeriam. is possible) has the formula 

CHj.CHOH.CHj. 
The typical group ia therefore the divalent radical >CHOH, and when 
this is oxidised, the first oxidation product ie called a ketone, thus : — 
CH3.CHOH.CH3 + = CHg.CO.CHg + HjO 

[lenoniiiry propyl nleohol] Ipropjl -ketone] 

It therefore contains the group >C0. Propyl-ketone 
acetone, the tests for which we shall have to considt 
diabetic urine. 

Tn the next alcohol {butffl alcohol), four isomers are possible, one of 
which is a tertiary alcohol, i.e. it contains the trivalent radical =C - OH, 
which breaks down on oxidation into smaller molecules. 

The Fatty Acids. ^These form a series of acida derived from the 
monohydric alcohols by oxidation. Thus to take ordinary ethyl alcohol 
CHj.CHjOH, the first stage in oxidation ts the removal of two atoms 
of hydrogen to form an aldehyde, CHj.CHO, as we have just seen ; on 
further oxidation an atom of oxygen is added to form the acid called 
acetic acid, CH3.COOH. A similar acid can be obtained from the other 
alcohols of the series, thus : — 
^L From methyl alcohol CHb.OH, formic acid H.COOH is obtained. 

Or in general terms : — 

From the alcohol with formula G^H^ 
C„,,H2„_,C00H ia obtained. The above sen 
known as the fatt^ ar^id series. Just as thi 
one OH group, so do the acids contain one 
they aro therefore termed mono-carboxt/lic acid*. 

Tn addition to the monohydric alcohols, there are other aeries of 
alcohols which differ from these in containing more than one OH group. 
Those which, like glycol [CjH^.(0H)3], contain two OH groups are called 
dihydric ; those which, like glycerol [CjHj(OH)g], contain three OH 
groups are called trihydric, there are also tetrahydric, pentahjdric^ 
hexahydric, etc., series of alcohols, containing respectively four, five, 
six, etc., hydroiyl groups ; and the hesahydric alcohols are particularly 



„ ethyl 


C3H,.0H, 


acetic 


, CH3.COOH 


„ propyl 


. Cj,H,.OH, 


propionic 


, C2H5.COOH „ 


„ butyl 


, C^Hg.OH. 


butyric 


, C3H^.C00H „ 


„ amyl 


. OsH.^.OH 


valeric 


, C^Hg.COOH „ 


,. hejyl 


, CflH,s.0H 


caproic 


, C5HH.OOOH „ 



i.0H the acid with formula 

'iea of acids constitutes that 

parent alcohols contain 

carboxjl group (COOH) ; 
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interesting to the physiologist as they are the parent substaDces of the 
chief carbohydrates. 

The aldehydes or ketones obtained as the first stages in the oxida- 
tion of thrae alcoiiols are uorreapondingly complex ; and by still further 
oxidation organic acids are produced. Thus oxalic acid is an instance 
of an acid obtained by the oxidation of a dihydric alcohol ; it is there- 
tore a di-earboxylic add, as it contains two carboiyl (COOH) groups, 
just as the alcohol (glycol) from which it is derived contains two 
hydros yl groups. 

We may give the tormulte for glycol and its derivatives as an example 
_rf)f a dihydric alcohol, but it will not be necessary at this point to go 
into further details of other more complex alcohols : — 

CHj,.OH CHO COOH CHO CHO COOH 

11 -I III 



CH„.OH CHj.OH CHjOH CHO COOH COOH 

[gljeol] (glycolUc (gl/eollLc (glj(n»IJ (glycujlic IomUo 

aldehide] acid) acid] acid] 



Ethers are obtained by abstracting water from two molecules of an 
alcohol, and may be regarded as the anhydrides ot alcohols. Ethyl 
ether, usually called ether simply, is obtained by heating alcohol with 
concentrated sulphuric acid, and the reaction occurs in the two stages 
represented by the following equations : — 



it will be noticed that the sulphuric acid is recovered unchanged at the 
end of the reaction, and therefore theoretically a small amount of 
sulphuric acid will transform an unlimited amount ot alcohol into ether. 
We shall find later in our study of the action of enzymes that these 
important agents in the chemical transformations in the body are 
characterised by the same property. They probably act in a manner 
analogous to sulphuric acid in etherification, participating in inter- 
mediate reactions, but are present unchanged in the terminal reaction. 

Esters. — The formation ot eaters or compounds with acids is a 
reaction typical of all alcohols, and is analogous to the formation of 
salts which occurs when a metallic hydroxide reacts with an acid. 
Thus if sodium hydroxide and nitrons acid react together we get sodium 
nitrite and water, as shown in the following equation ■,^- 

HNOo + NaOH = NaNO, + H,0. 
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The similar ioteractioo of ethyl alcohol and nitrous acid, results in the 
formation of an ester (ethyl nitrite) and water : — 



The next equation represents the reaction between alcohol and an 
organic acid (acetic) : — 

CHg.COOH + aH,.OH = CH..CO.O.C3H. + HjO 

Ocetlc odd] (ctGyl alctdiolj [sOvl nceUte or 

Amino-adda. — These are nitrogenous derivatives of the fatty acids 
and are the building stones from which the proteins are constructed ; 
conversely they are the products obtained from proteins when these 
complex substances are broken up. We shall consider them more fully 
in our study of the proteins, and so we may here be content with a 
typical example. 

Acetic acid is CH3.COOH. 

If one of the hydrogen atoms in the CH, group is replaced by the 
amino group (NHj) we obtain CHj.NHj.COOH, which is amino-aeetie 
acid or glycine. 

Aromatic Componnds. — These are derivatives of the hydrocarbon 
called benzene, CgHg. The organic subslances we have considered up 
to this point are usually spoken of as belonging to the fatty or aliphatic 
series ; in these the carbon atoms are united together in an open chain. 
The aromatic compounds on the other hand are characterised by the 
carbon atoms being united together by alternate single and double 
bonds into a ring, and the formula for benzene, the simplest member of 
the group, may therefore be written graphically in the following way : — 
H 
I 



I 
H 

By substituting different groups (side-chains) for one or more of th 
hydrogen atoms, all other aromatic compounds are obtained. 

The benzene nucleus itself is extremely stable ; such processes a 
oxidation and reduction can be applied to it without destroying i 
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The production of nitro-compounds by the action of nitric aoid JB 
characteristic of derlTativea of benzene, whereas such treatment will 
ueualtj oxidise and decompose aliphatic substances. A few aromatic 
compounds are found in the animal organism, for instance, bippuric 
acid in the urine ; some, such as tyrosine, are found among the de- 
composition products of proteins ; hence a knowledge of these subetances 
is necessary for the student of physiology and medicine. 

Fhtnol or carbolic acid is included amoog the substances tested 
for in the accompanying practical lesson to remind the student of the 
existence of aromatic compounds ; it ia a hydroxyl derivative of benzene, 
and its formula may be written CgHj.OH, or graphically : — 
OH 



I 



' \ 



that ia, one of the hydrogen atoms is replaced by hydroxyl (OH). It it 
however, usual to write it as shown below : — 



I I 

\y 

the unchanged portion of the benzene nucleus being depicted by a 
simple hejtagon. 

We shall come across more complicated derivatives of benzene in 
thff further study of our subject; and we shall moreover meet with 
other ringed compounds (heterocyclic) in which nitrogen occurs within 
the ring ; such substances as pyridine and pyrrol and their derivatives 
are included in this category. They are important as the mother 
substances of many alkaloids. 
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LESSON III 
THE CARBOHYDRATES 

aincose, cane sugar, dextttn, Btarch, and glycogen are given round 
as typical and important caiMhydrates. 

1. OLUCOSE.— Perform the following tests with a scdution of 
glucose : — 

(a) Trommer's Test. — Put a few drops of copper sulphate solu- 
tion into a test-tube and add a few c.c. of strong caustic potash. On 
adding the caustic potash a precipitate is formed, which, on addition of 
a glucose solution, rapidly redissolves, forming a blue solution. On 
boiling this a yellow or red precipitate (cuprous hydrate or oxide) forms. 

(b) Fekling'a yeif— Pehling's solution is a mixture of copper 
sulphate, caustic soda, and potassium sodium tartrate (Rochelle salt) of 
a certain strength. It is used for estimating glucose quantitatively (see 
Lesson xn). It may be used as a qualitative test also. Boil some 
Fehling's solution ; if it remains clear it is in good condition ; add to it 
an equal volume of solution of glucose and boil again. Reduction, 
resulting in the formation of cuprous hydrate or oxide, takes place as in 
Trommer's test. This test is more certain than Trommer's, and is 
preferable to it. 

(c) Nylander'n Test. — Mix 5 c.c. of ^ucose solution with 1 of 
Nylander*8 reagent (30 gr. of bismuth subnitrate and 50 gr. of Rochglle 
salt dissolved in 1 litre of 8 per-cent. sodium hydroxide). Boil for three 
minutes and allow to cool. A black precipitate of metallic bismuth 
separates out. 

N.B. — Sugars such as glucose, fructose, maltose, and lactose, which 
give the preceding tests, are called reducing sugars. 

(d) Moore's Test. -Add to the glucose solution about half its 
volume of 20 per-cent. potash and heat. The solution becomes yellowish- 
brown. Acidify with sulphuric acid (S5 per cent.) and the odour of 
caramel becomes apparent. 

(e) Fermentation Test. — Add a fragment of dried yeast to the 
glucose solution in a test-tube ; fill the test-tube up with mercury, and 
invert it over mercury in a trough. Place it in an incubator at body 
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temperature for twenty-four hours. The sugar is broken up into alcohol 
and carbon dioxide ; the latter sas collects in the upper part of the lest- 
tabe. The alcohol may be detected by Lieben's reaction (1 e, p. 11). 

(f) J/o/ivc/; * Retidiiin. -Add a few drops of an alcoholic soln- 
tion of thymol or u-naphthol to a solution of sugar, and allow a few drops 
of concentrated sulphuric acid to run to the bottom of the test-tube. A 
purple ring forms at the surface of contact. 

This test is given by all the sugars, and in fact by all carbohydrates 
with more or less intensity ; and it is also given by those proteins which 
contain a carbohydrate radical. 

2. SUCROSE or CANE SUGAR, (a) The solution of cane sugar 
when mixed with copper sulphate and caustic potash gives a blue 
solution. But on boiling no reduction occurs. 

(b) Take some of the cane-sugar solution and boil it with a few drops 
of 25 per-cent. sulphuric acid. This converts it into equal parts of 
Idncose and fructose. Neutralise with potash or soda. It then gives 
Ttommer's or Fehling's test in the typical way. 

(c) Boil some of the cane-sugar solution with an equal volume of con- 
centrated hydrochloric acid. A deep red solution is formed. Glucose, 
lactose, and maltose do not give this test. 

(d) Cane sugar gives Molisch's reaction. 

3. STABCH. (a) Examine starch grains with the microscope. In 
size and other minor particulars the starch grains differ according to 
theii source. Potato starch is readily obtained by moimting a scraping 
from the surt^ace of a freshly cut potato ; these are specially large : 
those from rice are smaller. Note the concentric markings on the starch 
grains. If a drop of iodine solution is run in under the cover-slip the 
grains are stained blue. 

(b) Starch is not soluble in cold water. Mis a little starch with cold 
water and pour boiling water into the paste. Continue to boil until an 
opalescent solution is formed : this, if strong, gelatinises on cooling. 

(c) Add iodine solution. An intense blue colour is produced, which 
disappears on heating, and if not heated too long reappears on cooling. 

N.B. — Prolonged heating drives off the iodine, and consequently no 
blue colour returns after cooling. 

(d) Conversion into dextrin and glucose. To some starch solution in 
a flask add a few drops of 25 per-cent. sulphuric acid, and boil for fifteen 
minutes. Take some of the liquid, which is now clear, neutralise with 
soda, and show the presence of dextrin and glucose. 

4. DEXTRIN, (a) Add iodine solution to solution of dextrin ; a 
reddish-brown colour is produced. The colour disappears on beating 
and reappears on cooling. 

(b) Saturate a dextrin solution by grinding it in a mortar with finely 
powdered ammonium sulphate ; filter. The erythro-dextrin is precipi- 
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tated, but only incompletely ; therefore the filtrate Kives.a red-brown 
oolonr with a drop of iodine solution. 

(c) Dextrin gives a slight reduction with Fehling's Bolntion. 

6. OLTCOGEH. — Solution of glycogen is given round: (a) it ia 
opalescent like that of starch. 

(b) With iodine solution it gives a brown colour very like that given 
by dextrin. The colour disappears on heating and reappears on cooling. 

(c) By boiling with 25 per-cent. sulphuric acid it is converted into 
glacose. Neutralise and test with Fehling's solution. 

(d) Saturate the solution with ammonium sulphate aa in 4 b, and filter. 
The glycogen is completely precipitated, and therefore the filtrate gives 
no coloration with iodine. This easily distinguishes it from dextrin. 
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The caxbohydiates are fouud chiefly in vegetable tiasiiea, and many 
of them furm importaut foods. Some carbohydrates are, however, found 
in or formed by the animal organism. The most important of these 
are glycogen, or animal starch ; glueote ; and lactose, or milk sugar. 

The carbohydrates may be conveniently defined as compounds of 
carbon, hydrogen, and oxygen, the two last-named elements being in 
the proportion in which they occur in water. But this definition is 
only a rough one, and if pushed too far would include many substances, 
such as acetic acid, lactic acid, and inosite, which are not carbo- 
hydrates. Research has shown that the chemical constitution of the 
simplest carbohydrates is that of an aldehyde, or a ketone, and that 
the more complex carbohydrates are condensation products of the 
simple ones. 

The meaning of the terms "aldehyde" and "ketone" has-been ex- 
plained in the preceding lesson, but there we drew most of our examples 
from simple aldehydes and ketones derived by oxidation from monohydric 
alcohols. In the case of the sugars, we have to start from more complex 
alcohols, namely, those which are called hesahydrie, on account of their 
containing six OH groups. The majority of the known sugars are 
aldehydes (aldotes). Sugars whieh are ketones are called ielosei, but 
only one of these, namely, fructose, is of physiological interest. This 
constitution of the sugars explains why it is that they are reducing 

Three hexahydric alcohols, all with the same empirical formula 
C(,Hg(OH)i;, may be mentioned ; they are isomerides, and their names 
are sorbitol, mannitol, and dulcitol. By careful oxidation their aldehydes 
and ketones can be obtained ; these are the simple sugars : thus, 
glucose is the aldeliyde of sorbitol ; raannose is the aldehyde of man- 
nitol ; fructose is the ketone of mannitol ; and galactose is the aldehyde 
5- dulcitol. These sugars all have the empirical formula C^HjjOn. 



CHjOH 

I 
H— C— OH 

I 
H— C— OH 

OH— C— H 

H— C— OH 

I 
C— HO 



CH,OH 
I 



CH.OH 



OH— C— H 

I 
OH— C— H 
I 
H— 0— OH 

I 

C- HO 
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The; furnish an excellent esaniple of wliat is citiled stereochemical 
isomerism; tliat is, the position of the tttoms or groups of atoms in 
apace within the sugar molecule varies. The constitutional formulas 
of three important simple sugars are shown on p. 23. The six carhon 
atoms in each cane form an open chain, but the way in which the 
hydrogen and hydroxyl atoms are linked to them diflers. 

The aldehyde conntitution of glucose and of galactose is at once 
evident from thoNc formula!, tlie typical aldeliyde group (OHO or more 
accurately = <J-H) being at the end of tlie chain. The ketone 
constitution of fructose is also shown by the typical ketone group (CO) 
not at the end of the chain. 

By further oxidation, the sugars yield various acids. If we take 
tiiese sugars as typical specimens, we sec that tlwir general formula is 

0„H„„0„ 

and as a general rule n = ni ; that is, the number of oxygen and carbon 
atoms are equal. Tliis number in the case of the sugars already men- 
tioned is Hi\, Hence they are called hexosea. 

Sugars are known to chemists, in which this number is 3, 4, 6, 7, etc., and 
these are called triosea, tetroses, pentoaes, heptoses, oto. The majority of 
these have no physiological interest. It should, however, be mentioned that 
a pentose has been obtained from certain nucleic acids presently to be described 
(see p. 64), which are contained in animal organs (pancreas, liver, etc.), and in 
plants (for instance, yeast). If the pentoses which are found in various plants 
are given to an animal, they are excreted in great measure unchanged in the 



The hexoses are of great physiological importance. The principal 
ones are glucose, fructose, and galactose. These are called mono- 
mccharideg. 

Another important group of sugars is that of the diioccharidet ; 
these are formed by the combination of two molecules of i 
. charides with the loss of a molecule of water, thus: — 

■■'uHijOg + CuH,aOr,-= CijH^aOii + H^O. 

The principal meiubcrs of the disaccharide group are : 
lactose, and maltose. 

If more than two molecules of the monosaccharide group undergo 
a corresponding condensation, we gut what arc called p'dyeaceharidts. 



),('^H,5,0^ = (CyH,(,OJ„ + )ill30. 
I polysaccharides are starch, glycogen, varii 
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lose, etc. We may therefore arrange the important carbohydrates of 
the hexose family in a tabular form as follows : — 



i;,H„o^ 


2. DiB»<«haridefi. 


8. Polysacoharidea, 


+ Glucose. 
-Fructose. 
+ Galactose. 


+ Sacrose. 
+ Lactose, 
+ Maltose. 


+ Starch. i 
+ Glycogen. i 
+ Deitrin. j 
CellulOBC 



The signs ■)- and — in the above list indicate that the Bubstances 
to which they are prefixed are dextro- and Isevo-rotatorj respectively 
as regards polarised light.' The formulfe given above are merely 
empirical: the quantity w in the starch group is variable and often 
large. The following are the chief facts in relation to ea«h of the 
principal carbohydrates. 

MONOaACCHABIDBS 

Qlocose. — This carbohydrate (which is also known aa dextrose and 
grape sugar) is found in frnits, honey, and in minute quantities in the 
blood (0-12 per cent.) and numerous 
tissues, organs, and fluids of the body. 
It is the form of sugar found in larger 
quantities in the blood and urine in the 
disease known as diabetes. 

Glucose is soluble in hot and cold 
water and in alcohol. It is crystal- 
line, but not so sweet as cane sugar. 
When heated with strong potash cer- 
tain complex acids are formed which 
have a yellow or brown colour. This 
constitutes Moore't test for sugar. In 
alkaline solutions glucose reduces salts 
of silver, bismuth, mercury, and copper. 

The reduction of cupric hydrate to cuprous hydrate or oxide con- 
stitutes Trammer's test, which has been already described at the 
head of the lesson. On boiling glucose with an alkaline solution of 

' For a. description of jiolnrised light and polarimeters sea Appendix. This 
and the other matter id the Appendix are placed there for convenience, not because 
they are unimportant Students are therefore ' ' " 

these subjects, 




D refer to and carefully study 
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picrio acid, a durk red opaque aoiiitioQ due to reduction of the picric 
to picramio acid is produced. Another important property of glucose 
ia that under the influence of yeast it is converted into alcohol and 
carbonic acid (GBHi50a= 2C2HgO+ 2C0j). 

Glucose may be estimated by the fermentation test, by the polari- 
meter (its specific rotation is [a]„= +52-5°), and by the use of 
Fehling's solution. The last method is the most important : it rests 
on the same principles as Trominer'a teat, and we shall study it and 
other methods of estimating sugar in connection with diabetic urine 
(see Lesson Xll). 

FmctoBB. — This sugar is also known as Iwvulose on account of ita 
action on polarised light. When cane sugar is heated with dilute 
mineral acids it undergoes a process known as inversion— /.«. it takes 
up water and is converted into equal parts of glucose and fructose. 
The previously destro-rotatory solution of cane sugar then becomes 
leevo-rotatory, the lievo-rotatory power of the fructose ([a]j,= -92°) 
being greater than the deitro-rotatory power of the glucose formed. 
Hence the term invertion. The same hydrolytic change is produced 
by certain enzymes, such as the invertaee of the intestinal juice, and 
of yeast. 

Pure fructose can be crystallised with difficulty. Small quantities 
of fructose have been found in blood, urine, and muscle. It has bean 
recommended as an article of diet in diabetes in place of ordinary sugar ; 
but there are no substantial grounds for believing that fructose is leas 
harmful than other sugars in this disease. Fructose gives the same 
general reactions as glucose. 

Oalactaae is formed by the action of dilute mineral acids or inverting 
enzymes on lactose or milk sugar. It resembles glucose in being dextro- 
rotatory ([a]^^ + '^3°}i in reducing cupric hydrate in Trommer's test, 
and in being directly fermentable with yeast. When oxidised by means 
of nitric acid it, however, yields an acid called mucic acid (CgH,(|Og), 
which is only sparingly soluble in water. Dextrose when treated in 
this way yields an isomeric acid — i e. an acid with the same empirical 
formula, called saccharic acid, which is readily soluble in water. 

Inositol or Inosite was discovered by Schcrer in 1860 as a constituent 
of niuBcle, and for a long time was known as muscle sugar. It occurs 
also in small quantities in other animal organs (Uver, kidney, etc.), and in 
plauta it is a fairly constant constituent of roots and leaves, especially 
growing leaves. 

It has the same molecular formula as the siinple sugars (C^H,jOj), 
but it is only faintly sweet and gives none of the chemioal reactions of tbme 
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substances. Mnqueiuie ascertained that it 
formula : — 

HOH 



hoa the following constitutional 




HOH— C— HOH 



HOH— C C— HOH 



■his formula wiU show that it is very different from those 
of the sugars given on p. 23. The six carbon atoms, instead of forming an 
open chain, are linked into a ring, as in the benzene derivatives. It is in fact 
a reduced be xa- hydro sy-beuzene. It probably represents a transition stage 
between the carbohydrates and the benzene compounds. By a cloBing-up of 
the open chain of the carfwhydrate molecule its formation from the latter is 
theoretically possible. On the otlier band, the opening of the inofiit« ring 
would give rise Ui an open chain, and it lias in fact been found that lactic oaid 
is formed from inosile by the action of certain bacteria. 

DI 8 ACCe ABIDES 

SucroBB. — This sugar {conimonly known as cane sugar) ie generally 
distributed throughout the vegetable kingdom in the juices of plants 
and fruits, especially the sugar cime, beetroot, mallow, and sugar maple. 
It is a substance of great importance as a food. After abundant 
ingestion of cane sugar trates may appear in the urine, but the greater 
part undergoes inversion in the alimentary canal. 

Pure cane sugar is crystalline and dextro-rotatory ([n]D=+67°). 
It holds cupric hydrate in solution in an alkaline liqnid — that is, with 
Trommer's test it gives a blue solution. But no reduction occurs on 
boiling. ;Viter inversion it is strongly reducing. 

Inversion may be brought about readily by boiling with dilute 
mineral acids, or by means of an inverting enzyme, such as that occur- 
ring in the succuh entericus or intestinal juice. It then takes up water 
and is split into equal parts of glucose and fructose; — 
t'lsHjaO,, + H^O - C.H,jO„-h C„H,20p 

IMicroiii) igiuquiel llrtictoK] 

h yeast, cane sugar is first inverted by means of a special enzyme 
ertate) produced by the yeast cells, and then there is an alcoholic 
fermentation of the monosaccharides so formed, which is accomplished 
by another enzyme called ij/mase. 



MOgR 



28 ESSENTIALS OF CHEMIPAr, PHYSIOLOGY 

Lactose, or milk augax, occurs in luilk. It Bometimea also occurs 
in the urine of women in the early days of lactation or after weaning. 

It crystaUiaes in riiombic priatns (ace fi^. 2). It ia much less 
soluble in water than cane sugar or deitrose, and has only a slightly 
sweet taste. It is insoluble in alcohol and ether ; aqueoua aolutions 
are dextro-rotatory ([a]„ — + 52'5°). 

Solutions of lactose give Tronimer's test, but when the reducing 
power is. tested quantitatively by Febling's solution it ia found to be ft 
leas powerful reducing agent than glucose. If it required seven parts 
of a solution of glucose to reduce a given quantity of Fehling'a solution, 
it would require ten parts of a solution uf lactose of the same strength 
to reduce the same quantity of Febling's aulution. 

7 Lactose, like cane sugar, can bo hydro- 
lysed by the same agenciea aa those already 
yi enumerated in connection with cane sugar. 

A x) /\ \^ The monosaecharides formed are glucose and 
JiJ^ /) U^^ galactose :- 
'^^ Cn/7 ^ IwctoMl (glucowl (gBlMioae) 

U With yeast it is first inverted, and then 

Fig. 2.— LiotoaeoryBUjB. alcohoI is formed. This, however, occurs 

slowly. 
The lactic-acid fermentation which occurs when milk turns sour is 
brought about by enzymes secreted by micro-oi^nisms which are some- 
what aimilar to yeaat-cells. Thiemay also occur as the result of the action 
of putrefactive bacteria in the alimentary canal. The two stages of the 
lactic-acid fermentation are represented by the following equations t— 

ilBcloael |1at:}lc Bcid] 

(2) 4CaH,03 = 2C,HgO. + 4C0„ + 4H„ 

[lactic H<:i<f I [butyric Br:iai 

Maltose is the chief end product of the action of malt diastase on 
starch, and is also formed as an intermediate product in the action of 
dilute aulphuric acid on the same substance. It is also the chief sugar 
formed from starch by the diastatic enzymes containefl in the saliva 
(ptyalin) and pancreatic juice (amylase). It can be obtained in form 
of acicular crystals; it is strongly dextro-rotatory ([a][,= -1-140°). It 
gives Trommer's test; but its reducing power, as niuasured by Febling's 
solution, is one-third lesa than that of glucose. 

By prolonged boiling with water, or, more readily, by boiling with 
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a dilute mineral acid, or by means of an inverting enzyme, snch aa 
occurs in the intestinal juice, it is converted into glucose. 

iTualloM] [gluogbol [^ucoae] 

important physiological sugars {glucose, lactose, and 
maltose) may be distinguished from one another by their relative 
reducing action on Fehling's solution (I'O : 071 : 0-63), by their rota- 
y power, or by the phenyl-hydrazine teat described in Lesson XIII. 




POLYSACCHAKCDES 

Starch is widely diffused through the vegetable kingdom. It occurs 
in nature iu the form of microscopic grains, vary og 1 s ze and appear 
ance, according to their source, Each 
consists of a central spot (kilum) round 
which more or less concentric envelopes 
of starch proper or granulose alternate 
with layers of cellulose. Cellulose has 
very little digestive value, but starch is 
a most important food. 

Starch is insoluble in cold water: it 
forma an opalescent solution iu boiling 
water, which if concentrated gelatinises on 
cooling. Its most characteristic reaction 
is the blue colour it gives with iodine fia 3 '^(on pea h wngi aic 

, ., HDil a aunine ura is n betlded n fa 

solution. proCopann hace a ■Jeurong 

On beating starch with dilute mineral >.eL]uiBripnc?>. (lea, aii«r!(achi.) 
acids glucose is formed. By the action 

of diaatatic enzymes, maltose is the chief end product. In both cases 
dextrin is an intermediate stage in the process. 

Before tho formation of dextrin the starch solution loses its opal- 
escence, a substance called aoliMe Uiircli being formed. This, like 
native starch, gives a blue colour with iodine solution. Although 
the molecular weight of starch is unknown, the formula for soluble 
starch is probably IS^^nfi^itm- Equations that represent the forma- 
tion of sugars and dextrius from this are very complex, and are at 
present h^-potheticnl. 

Dextrin is the name given to the intermediate products in the 
hydrolysis of starch, and two chief varieties are distinguished— eryfAro- 
dextriii, which gives a reddish-brown colour with iodiuL^ solution ; and 
aehroo-dextrin, which does not. 
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It is readily soluble in water, but insoluble in alcohol and ether. 
It is an amorphous yellowish powder. It does not ferment with yeast. 
It ia dextro-rotatory. By hydrolysis it is converted into glucose. 

Glycogen, or animal starch, is found in liver, muscle, colourlesB 
blood corpuscles and other tiaaues. 

Glycogen is a white tasteless powder, soluble in water, but it forms, 
like starch, an opalescent solution. It is insoluble in alcohol and ether. 
It is destro-rotatory. With Trommer's test it gives a blue solution, 
but no reduction occurs on boiling. 

With iodine aolution it gives a reddish or port-wine colour, very 
similar to that given by erythro-dextrin. Dextrin may be distin- 
guished from glycogen by (1) the fact that it gives a clear, not an 
opalescent, solution with water ; and (2) it is not precipitated by basic 
lead aeetate us glycogen is. It is, however, precipitated by basic lead 
acetate and ammonia. (3) Glycogen is precipitated by 55 per cent. 
of alcohol; the dextrins require 85 per cent, or more. (4) Glycogen is 
completely precipitated from solution by saturation with ammonium 
sulphate ; erythro-dextrin is only partially precipitable by this means. 

Cellnlose. — This is the colourless material of which the cell-walls 
and woody fibres of plants are composed. By treatment with strong 
mineral acids, it is, like starch, converted into glucose, but with much 
greater difficulty. The various digestive enzymes have little or no 
action on cellulose ; hence the necessity of boding starch before it is 
taken as food. Boiling bursts the cellulose envelopes of the starch 
grains, and so allows the digestive juices to get at the starch proper. 
Cellulose is found in a few animals, as in the test or outer investment 
of the Tunicat^B. 

Salting out of the Colloid Carbokj/drates. — By saturating solDtions of the 
colloid carbohydrates (starch, soluble starch, glycogen, and erythro-dextrin 
partially) with such neutral salts as magnesium sulphate or ammonjum sulphate 
the carbohydrate is thrown out of solution in the form of a white precipi- 
tate. The remaining oarbohydratea (sugars and somo of the smaller mole- 
culed dextrins such aa achroo -dextrin) are not precipitated by this means. 
We aball find in connection with the pioteioa that this method, known as 
" Haltdng out," is one largely employed there for precipitating and distinguish- 
ing between classes of proteins. The student is therefore warned that a 
precipitate obtained under such circumstances will not necessarily indicate 
the presence of pnotein. 

Gliicogides. — Glucose is an aldehyde, and therefore has the power of com- 
bining with other compounds such as alcohols, organic acids, and phenols ; a 
hydrogen atom of the compound unites with the oxygen of the H - G : 
group of the sugar, and the rest of the molecule with the oaibon of tbs 
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H ■ C ■ OH H ■ G ■ OH H ■ C ■ OS 

H ■ C ■ OH H ■ C ■ OH H ■ C ■ OH 
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H-C:0 H-COH H- C - 

OCH3 OCHg 

[BlDCOSei] [idbUiiI alooliDlJ [addition [nBt«r] [msUiyllii ^ncoel 
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Bame group ; the addition compound so formed then loaea water, and a, aub- 
Btance known oa & glucoside is left. Thk may be iUnstrated by the simple 
gluooaide which can be made synthetically by wanning tt^ther {in the pres- 
ence of anhydrous hydrochloric add) methylio aJcohol and glucose. The 
reaction is shown in the following equation : — 

I notes that whereas glucoae contains four asymmetric curbon atoms 
bon atoms united to four difierent atoms or atomio groups), printed in 
tbiok type, the addition compound and the glucoside each contain five. It ia 
possible to obtain two methyl glucoaides, a and ^, one with the dextro-eon- 
figuration of the carbon atom placed lowest in the formula, the other with the 
IteTO-configuration. In one of these the lowest group of all is OCH3, as shown 
in the above formula ; in the other it is CH3O. 

Numerous gluoosides are found in nature ; thus aroygdalin in bitter almonds 
ia a compound of glucose with mandeUc nitrile ( = benzaldehyde-|- hydrocyanic 
acid) ; saUcin is a compound of glucose and salicylic alooiiol ; the indican of 
plants is a compound of glucose and indoxyl, and there are many othere. 

MuhiTolaticm and Taatomerimii. — The optical activity of glucose when 
freshly dissolved is about twice as great as when the solution has stood some 
time. If the glucose is crystallised out from this solution, and again dissolved, 
the fresh solution has again a high rotatory power, and this sinks once more on 
standing. It is evident that a change occurs in its constitution when it is left 
in solution, and this change is reversed on crystallisation. The explanation 
advanced to account for this muiarolaiion is that in solution the sugar forma 
an addition compound with water {a hypothetical aldehydrol), and then loses 
water to form a ring anhydride isomeric with the original glucose and ana- 
logous to a gluooaide. The formulae will be : — 



' This formula for 
. chemical BrrongBHieiit 
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H ■ C ■ OH 


H ■ C ■ OH 


H-C-OH 


H-COH 


H ■ C ■ OH 


H-C_- 


H ■ C ■ OH 


H ■ C ■ OH 


HCOH 


H ■ C ■ OH 


H ■ C ■ OH 


HC 



[Hldehydrol] [anliTdiida In 
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In the anhydride formula Ihere are seen to be five asymmetric carbon 
atoms, so that there will again be the possibility of an a and a fi form. In a 
solution of glucose which has been allowed to stand, the three isomerides, the 
original aldehyde, and the two glucosides, are all present in oq^uilibrium with 
one another, and the mixture has a lower rotatory power than the original 
glucose. These mutually transformable isomerideB are terined toufomeric 
forma of gluooso, Tautomerism of this kind is a frequent occurrence in 
organic chemistry. 

Our knowledge of gtucoBides has thrown hght on the constitution of the 
disaccharideB ; thus in maltose we have one glucose molecule forming a gluoo- 
side with another glucose molecule which retains its characteristic aldehyde 
(H . : O) group unaltered. In lactose the place of the first glucose molecule 
is taken by galactose ; it may thus be considered as a glucose-galactoside. 
In sucrose, on the other hand, the carboxyl groups of its two constituent 
hesoses (glucose and fructose) are involved in the union of the two mole- 
cules, which are therefore both in the glucosidio condition, as shown in the 
followii^ formula ; — 

CH,OH.CHOH.CH.CHOH,CHOH.CH 

I 1 1 



CHijOH.0.0HOH.CHOH.CH.CHjOH 



This indicates that there is in sucrose no real sugar group (either the 
aldehyde group H . C : O or the ketone group : C : 0) at all, and this acconnta 
for the fact that sucrose does not give the typical sugar reaction8(reduction with 
Fehling's solution, and the formation of an osazone with phenyl hydrazine). 

Further information regarding the carbohydrates is given in Lesson XIII, 



DiBiiizcdb, Google 




ud aad olive oil are given round aa examples of fats. 
. They are insoluble in water. 
Z. They dissolve readily in ether. On pouring some of the ethereal 
solution on to a piece of blotting paper, a greasy stain is left after the 
ether has evaporated. 

3. FAT SPLrTTDTG BY LIPASE.— Boil a few c.c. of fresh milk in 
order to destroy any lactic acid organisms which may be persent ; cool 
under the tap, and add a few drops of a glycerol extract of pancreas ' 
containing lipase ; a few drops of phenolphthalein solution and dilute 
potash until a faint pink colour persists. Divide this into two portions 
labelled A and B. Boil A to destroy the enzyme, and keep both tubes at a 
temperature of about 36 C. The pink colour in B will gradually disappear, 
showing that fatty acids have been set free from the fat by the action of 
the fat-splitting enzyme, lipase ; A undergoes no change. 

4. SAPOmnCATION BY ALKALI. -By boiling with potash, fat 
yields a solution of soap. On adding some sulphuric acid to this, the fatty 
acid collects in a layer on the surface of the fluid. This experiment may 
conveniently be performed in the following way : Melt some lard in an 
evaporating basin and pour it into a solution of potash in alcohol - 
contained in a small flask and heated carefully o» a watei-bnth nearly 
to boiling point. Continue to boil and saponification is soon completed. 
The completion of the process is recognised by dropping some of the 
solution into a test-tube containing about 10 c.c. of water ; the solution 
of aoap will be clear, and no oU globules should separate oat. If there 
is any separation of oil globules continue the boiling. 

Then drop the soap solution into some 25 per-cent. sulphuric acid 
contained in a smaller beaker ; the fatty acids soon separate out and float 
on the surface. On cooling under the tap they solidify. 

5. REACTION OP FATTY ACIDS.— Wash the fatty acid obtained 

' This is easily promreii by tiiiKiug licely miueed pig's ]>ajn.Teii» witii two 
Tolumea uf glj-cerin ami straining the niisture through muBlin. 

' SO grammes of potaah nre dissolved ia 20 c.e. of water, and 200 rx. of 80 
per-oent. alcohol are added. 
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^^^1 in experiment 4 repeatedly with water, until the wash water is no 
^^H longer acid, and divide it into three portions. Dissolve one portion 
r in ether ; this solution reacts acid to phenolphthalein ; to show this, 

I place a few drops of phenolphthalein in 5 c.c. of alcohol containing a 

I drop of 20 per-cent. potash. If this red solution is dropped into the 

I solution of fatty acid, the colour is discharged. Place the second portion 

I of fatty acid in some half-saturated solution of sodium carbonate and 

warm ; a solution of sodium soap is obtained and carbon dioxide cornea 
off. Note with the third portion that it produces a greasy stain on 
paper. 
I 6. REACTIONS OF SOAPS.— A solution of soap may be prepared by 

I heating some stearic acid with a few c.c. of water and adding caustic 

I potash drop by drop until a clear solution results, (a) Add to this solu- 

tion some sulphuric or hydrochloric acid ; the fatty acid separates out as 
described under 4. 

(b) Add to the solution powdered sodium chloride and shake; the 
soap is salted out and is rendered insoluble. This property of soap ia 
used in soap manufacture. 

(c) Add to the solution some calcium chloride. A precipitate of 
insoluble calcium soap is formed, and the solution loses its property of 
frothing on shaking. 

7. OSniC ACID TEST.— Fat, if it contains olein or oleic acid, is 
blackened by osmic acid. Try this with both the lard and the olive oil. 

8. TEST FOR GLYCEROL.— The most important reaction for glycerol, 
the other constituent of a fat, is the acrolein test, which is performed in 
the following way : — Place some lard in a dry test-tube, add some crystals 
of acid potassium sulphate and heat. Acrolein is given oil, which is re- 
cognised by its characteristic unpleasant odour, and by the fact that it 
blackens a piece of filter paper previously moistened with ammoniacsl 
silver nitrate solution. 

9. EmULSIFICATION. -(a) Take two test-tubes and label them A 
and B. Place water in A and soap solution in B. To each add a few 
drops of olive oil and shake. In B an emulsion is formed, but not in A. 

(b) Shake a few drops of rancid oil (or olive oil containing a small 
amount of oleic acid), with a dilute solution of potash ; an emulsion 
is formed because the potash and free fatty acid unite to form a soap. 
Divide this into two parts, and to one of them add a little gum solution or 
egg albumin ; the emulsion is much more permanent in this specimen. 
These experiments Ulustrate the favourable action of soap and of a 
suspending medium such as mucilage upon the formation of an 
emulsion. 
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Fftt is found in small quantities in many anima! tissues. It is, 
however, found iu large quantities in three situations, via. bone marrow, 
adipose tissue, and milk. The consideration of the fat in milk is post- 
poned to Lesson VI. 

The contents of the fab cells of adipose tissue are fluid during life, 
the normal temperature of the body (37° C, or 99° F.) being con- 
siderably above the melting-point (25° C.) of the minture of the fats 
found there. These fats are three in number, and are called palmitin, 
stearin, and olein. They differ from one another in chemical com- 
position and in certain physical characters, such as melting-point and 
solubilities. Olein solidifies at -5° C, palmitin at 45° C., and stearin 
at 53-65° C. Thus, it is olein which holds the other two dissolved at 
the body temperature. Fats are all soluble in hot alcohol, ether, and 
chloroform, but insoluble in water. 

Chemical Constitution of the Fats. — The fats are compounds of 
tatty acids with glycerol, and may be termed glycerides or glyceric 
ethers. 

The fatty acids, as we have already seen (p. 16), form a series of 
acids derived from the monohydric primary alcohols by oxidation. 
Formic acitf is the first in the series, acetic acid comes next, and so on. 
The sixteenth term of tlie aeries is called Palmitic acid, and has the 
formula CijHgj.COOH. The eighteouth is called Stearic acid, and has 
.the formula C^Hgs.COOH. 

Oleic acid is not a member of this series of fatty acids, but belongs 
to a somewhat similar series of acids known as the acrylic series, of 
which the general formula is C„_jH2„_jC00H. It is the eighteenth term 
of the series, and its formula is C,jHjj.CO,OH. 

The first member of the group of alcohols from which Ibia acrylic series at 
aoida is obtained is called attyl ttkohol (CH, ; CH-CH^OH) ; the aldehyde of 
this is aeralcin, (CH^ : CH.CHO), and the formula for the acid {acrylic acid) is 
CHj : CH.COOH. It wUl be noticed that two of the carbon atoms are united 
by two valencies, and these substances are therefore unsaturated ; they are 
unstable and are prone to undergo by uniting with another element a conversion 
into compounds in which the carbon atoms are united by one bond only. This 
aooounte far their reducing action, and it is owing to this construction that the 
oolour reactions with osmic acid and Sudan III. (red coloration) are due. Fat 
which contains any member ot the acrylic series such as oleic add blackens 
oemio acid, by reducing it to a lower (black) oxide. The fats palmitin and 
stearin do not give this reaction. 

The formuliB for the fatty acids may also be written in a slightly 
different way, as shown below : — 
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Acetic acid (CHgCO)OH 

Palmitic acid (CisH8iC0)0H 

Stearic acid {C,jH85CO)OH 

Oleic acid (CijHbjCOJoH 

Each consists of a complex group placed in the above formulae within 
brackets, united to hydroiyl. The group within brackets is called 
the fatty acfd radical, and the fatty acid radicals of the four juet 
mentioned acids have received the following names : — 

Acetyl CHgCO is the radical of acetic acid 

Palmityl C,5Hj,C0 „ ,, palmitic acid 

Stearyl CijHjjCO „ „ stearic acid 

Oleyl CijHaaCO „ „ oleic acid 

Qlycerol (popularly known as glycerin) is a trihydric alcohol, 
CjHj{OH)j — i.e. three atoms of hydrosyl united to a radical glyceryl 
(CjHj). The hydrogen in the hydrosyl atoms ia replaceable by other 
■ organic radicals. As an eaample take the radical of acetic acid called 
acetyl (CH,.CO). The following formulee represent the derivatives that 
can be obtained by replacing one, two, or all three hydrosyl hydrogen 
atoms in this way : — 

( OH I (OH I (OH I ( O.CH..CO 

CjHj { OH CaHj I OH CgH, ) O.CH5.CO CgHj { O.CH,.CO 

I OH i O.CHj.CO I O.CH8,CO | O.CHj.CO 

(Eljcsrol] I [monoBcstln) I [dluabinl I ItrlocetlD) 

Triacetin ia a type of a neutral fat; stearin, palmitin, and olein 
ought more properly to be called tristearin, tripalmitin, and triolein 
respectively. Each consists of glycerol in which the three atoms of 
hydrogen in the hydroiyls are replaced by radicals of the fatty acid. 
This ia represented in the following formuUe : — 

Palmitin CjHsfOCijHgi.CO)^ 

Stearin C3H5{OC,jHgs.CO)g 

Olein C3Hj{0C,;Hgj.C0), 

If we substitute the letter R for the fatty acid radical, the general 

formula tor a neutral fat may be written : — 

CH3.OR 

I 

CH.OR 
I 
CHj-OR 

Decomposition FrodnctB of the Fata. — The fats split up into the 
substances out of which they are built up. 
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Under the mfluenco of superheated steam, mineral acids, and in 
the body by means of certain enzymen (for instance, the fat-splitting 
enzyme lipaie of the panoreatic juice), n fat combines with water and 
splits into glycerol and tlie fatty acid. The following equation repre- 
sents what occurs in a fat, taking tripalmitin as an example : — 
B*^ C.H,{O.C„H.,CO)g + 3H„0 = C„H;,(OH)g + 30,.H„,C0.0H 

^^^1 [palmltln—ii latl (gliceroll rpBlialtli; acirl-a ratty acLd] 

H9^Id the prooesB of saponification, much the same sort of reaction 
occurs, the linal products being glycerol and a compound of the base 
with the fatty aoid, which is called a soap. Suppose, for instance, that 
potassium hydrate ia used ; we get — 



Emnlsification. — Another change tiiat fats undergo in the body is 
very different from saponification. It is a physical rather tban a 
chemical change ; the fat is broken up into very small globules, such 
as are seen in the natural entuliion — milk. The conditions under which 
emulsiouH are formed are described in the practical exercises at tiie head 
of this lesson. 

THE LIPOIDB 

The name hpoid was originally appU&d by Overton to a heterogeneous 
group of aubstanees found in the protoplasm of all cells, especially in their 
outer layer or cell -membrane, which, like the fats, are soluble in such reagents 
as ether and alcohol. These substances, though present in smaller amount 
than proteins, appear to be essential constituents of protoplasm, and the 
labile character of their molecules is a property many of them share with the 
proteins. The Upoids are found mixed with fat in the ether-alcohol extract 
of tissues and organs, and they are specially abundant in nervous tissues, 
where we shall again have to refer to them {Lesson XXI). 

They may be classified in the following way : — 

(1) Those which, like the fats, are free from both nitrogen and phosphorus. 
The most important member of this group is cholesterol. 

(2) Those which are free from phosphorus but contain nitrogen. These 
yield the reducing sugar called galactose when broken up, and were termed 
oerebro-galaotosides by Thudichum. They may be simply called galacto- 

(3) Those which contain both phosphorus and nitrogen. These are called 
the phosphatides, and are grouped according to the proportion of nitrogen 
and phosphorus in their molecules, as follows : — 

(a) Mono -amino -mono- phosphatides, N : P=l : 1. e.g. lecithin 
^^^^^ and kephalin. 

^^^^^t (6) Diamine -mono -phosphatides, N : P=2 : 1. e.g. sphingo- 
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(c) Mono- amino -diphosphatides, N ; P=I : 2. One ot these, named 

cuorin, has been separated out from the heart by Erlandsen, 

and a UTnilar substance is found in egg-yolk. 
{d) Diamino-dipboBphatides, N : P=2 ; 2. One of theee was 

separated from brain by Tbndiohum, but has not sinoe been 

examined. 
(«) Triamino-mono-phosphatides, N -. F=3 : I. One of these is 

present in egg-yolk. 

This olassifioation is obviously capable of extension as new phosphatides 
are discovered. 

We may now take some of the most important of these substances and 
describe them with greater detail. 

Choluterol or cholesterin ie found in amall quantities in all fonna of pn>to- 
pla,8m. It is a specially abundant conatjtuent of nervous tissues, particular^ 
in the white substance of Schwann. It i^ found in small quantities in the bile, 
but it may occur there in escoss and form the concretions known as gall stones. . 
It can be readily extracted from the brain by the use of cold aoetone. In the 
brain it occurs in the free state. 

It is a monohydrio unsaturated alcohol with the empirical formola 
Cf^H^.OH. Recent research has shown it to belong to the terpene series 
which had hitherto only been found as excretory products of plant life. 

Windaus finds that it contains live reduced benzene rings linked together 
aud a double linkage at the end of an open chain. 

Obotesterol is now believed to be not merely a waste product of metabolism, 
but to exert an important protective influence on the body cells against the 
entrance of certain poisons called toxins. One of the poisons contained in 
cobra venom dissolves red blood -corpuscles ; the presence of cholesterol in 
the envelope of the blood -corpuscles to some extent hinders this action, and 
it has been stated that the administration of cholesterol increases the resistanoe 
of the animal. It is certainty the case that with artificial blood-corpusoleB, 
membranous bags containing hEcraoglobin, the impregnation of the mem- 
brane with cholesterol, prevents the solvent action of toxins. 

In order that cholesterol and its derivatives may act in this way, it is ikeoea- 
ssry that the double linkage and the hydruxyl group should be intact. The 
latter would not be the case in an ester. 

From alcohol or ether containing water it crystallises in the form of riiombio 
tables, which contain one molecule ol wat«r ol crystallisation : these are easily 
recognised under the microscope (fig. 4). It gives a number of colour tests 
which we shall study under Bile (Lesson VIII). 

A substance called im-cholestfrol is found in the fatty secretion of the skin 
(sebum) ; it is largely contained in the preparation called ianoltne, made from 
sheep's wool fat. It differs from cholesterol in being dextro-rotatory instead 
of tovo-rotatory in solution, and in some of its colour reactions. 

Ohotesterols isomeric with animal cholesterol are also found in many plants ; 
these are termed phyto-cholesterols, or phytosterols for short. 

Cholesterol compounds exhibit the physical phenomenon recently studied 
by Lehmann, namely, the formation of liquid crystals ; this is also shown by 
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several other lipoids. Virchow in 1855 described what he termed " myelin 
tonns " ; if brain -aubatance ia miied with water, where the water touches 
the brain material, threada are observable shooting out and twisting into 
fantastic shapea ; the^e are termed " rayeUn forma," although the word 
" myelin " has no definite chemical meaning. It has now been shown that 
these " myelin forms " are distorted liquid crystala due to the presence of 
cholesterol and other lipoida. The fat globules seen in the adrenal cortex, 
during (»ll proliferation in cancer, anil in the liver and other organs during 
fatty degeneration, are not wholly oomposed of fat, for the polarisation micro- 
scope shows them to be anisotropic or doubly refracting, and further investiga- 
tion has shown them to be hjioids in the fluid cryatalline condition. Pure 
cholesterol and pure cholesterol esters do not exhibit the phenomenon ; but 
mixtures of cholesterol and fatty acids do. 

The Ceiebro-QalactosideB. — The substance known as protagon can be sepa- 
rated out from the brain by means of warm aloohoi ; 
protagon is deposited aa a white precipitate. 
This, however, also contains cholesterol, whioh 
can be dissolved out by ether. Another method 
of preparing protagon is to take brain and extract 
the cholesterol first with cold acetone ; then hot 
aoetone is employed to extract the protagon. 
Protagon is a substance originally described by 
Couerbe, under the name c^r^brote, but named 
protagon by Liebreich, who regarded it as a 
definite compound, and the mother substance 
of all the other phoaphorised and non^ 
phosphorLsed constituents of the brain. It has 
now been definitely proved in confirmation ot Flo. ».— Choleaturol trjataia. 
what Thudichum stated in 1874, that protagon 

is not a definite chemical unit, but a mixture of phoaphorised and non- 
phosphorised aubatanccs in such proportions that it usually contains about 
I per cent, of phosphorus. By treatment with appropriate solvents and 
rectystallisation, protagon can be separated into ita constituents ; thoap 
which are free from phosphorus and sulphur and comprise about 70 per 
cent, of the original protagon are the galactosidee. Although these have 
received many namea, the ^own galactosides are only two in number, 
namely, phrenoain and kenuin. The former is a crystalline product and 
is dextro-rotatory, the latter is of somewhat waxy consistency afld is 
iKvo-rotatory. Phrenosin (also called cerebrin or oerebron) yields on decom- 
position three substances :— 

(1) A reducing sugar, galactose. 

(2) A base termeil aphingosine (CjjH^jNOjt, which represents an un- 
aaturated mono- amino- dihydroxy alcohol. 

(3) A fatty acid called cerebronic (or netiro-steoric acid), which has the 
cxmstitution of a-hydroxypentacosanic acid (Cj^H^gOj). 

Kerasiii also yields galactose and sphingosine, hut the fatty acid is 
different. It is iignocerio acid, Cj^HjjO^. 

The Phosphatides.— The beat known of these ia kdlhin (C^^V^NPO^). 





«.,G 



odgic 



40 ESSENTIALS OF CHEMICAL PHYSIOLOGY 

This ia a very Ubile BnbBtance, but it yields on decompoBition four materials ; 
namely, glycerol And phoephorio acid imitod together as glycero-phoeplioiio 
acid, two fatty acid radicals, of which one ia usually oleyl, and an ajnmomiim- 
Uke base termed choline (C^j^O,). The fatty acid radicals ai« nnited to 
glycerol as in an ordinary fat, the place of the third fatty acid radical being 
taken by the radical of phosphoric acid, which in its turn is nnited in on eeter- 
like manner to the choline. The formula of choline is 

CB, CHg— CHjOH 

CH,/ \0H 

Kephalin reeembke lecithin in being a monO'aminO'mono-phoHphatide. 
It differs from lecithin in being insoluble in alcohol On decomposition it 
yields glycero-phoaphoric acid, certain fatty acids which are less saturated 
than oleic acid, and probably belong to the linoleic series. Instead of 
choline it yields ajnino-ethyl alcohol (hydroiyethylamine). Kephalin is the 
most abundant phosphatide in nerve-fibres, and has aliM been found in ' 
egg-yolk. 

Sphingomi/elm is the phosphatide obtained from the mixture called pro- 
tagon. It is the beet known of the diamino-mono-pbosphatides. If protagon 
is dissolved in hot pyridine, and the solution allowed to cool, sphingomyelin 
is precipitated in an impure form as ephierO'CryBtals, which in suspenmon 
rotate the plane of polarised light to the left. Choline, fatty acids, and ui 
alcohol have been found among its cleavage products. It, however, differs 
from lecithin by containing no glycerol 

Jeeorin is a substance first separated from the liver by Drechsel and since 
found in other organs. It appears t« be a mixture or possibly a compound 
of kephalin or a diamino- mono -phosphatide with sugar. 
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THE PROTEINS 



1. TESTS FOB PROTEINS.— The following tests are to be tried with 
a, mixture of one part of white of egg to ten of water. (Egg-white 
contains a mixture of albumin and globulin.) 

(a) Heal Coagulation. — Faintly acidulate with a few drops of 
2 per-cent. acetic acid and boil. The protein is rendered iaaoluble 
(coagulated protein). 

(b) Filter some of the egg-white solution, and acidify with a few drops 
of 20 per-cent. acetic acid ; potassium ferrocjranide then gives a white 
precipitate. 

(c) Precipitation with Nitric Acid. — The addition of strong 
nitric acid to the original solution also produces a white precipitate. 

(d) Xa»thoj)roteic Re.aclioii. ~0a boiling the white precipitate 
produced b; nitric acid it turns yellow ; after cooling add ammonia ; 
the yellow becomes orange.^ 

(e) Alilloii's Tent. — Millon's reagent^ gives a white precipitate, 
which turns brick-red on boiling. 

(f) Rose's or Piolrow.ski's Test- — Add one drop of a 1 per- 
cent. solntioD of cnpiic snlphate to the original solution and then caustic 
potash, and a violet solution is obtained. 

Repeat experiment (f) with a solution of commercial peptone, and 
note that a rose-red solution is obtamed. This is called the biuret 
reaction. 

(g) Rosenheim's Formaldehyde Reaclion.—A&i to the solution 
of commercial peptone a very dilute solution of formaldehyde (1 : 3500), 
aad then about one-third of the volume of strong sulphuric acid con- 
taining (as most commercial specimens of the acid do) a trace of an 
oxidising agent such as ferric chloride oi nitrous acid. A purple ring 
develops at the surface of contact. This reaction is the foundation of 
tlu original Adamkiewicz reaction. 

' Conaiilt p. 56 for an ex]>Ianatioij of this and the fiillowing coloar reaations. 

" Hsrcury iii dissulvtid in its owe weight of uitiic BCi<l. The solution so obtained 
is then diluted with twice ifc! voluraa of wnter. The decanted clenr liquid ia 
Hillon's reagent ; it is a mixture of tbe uitratea of luereury coDtainiiig exceas of 
nitric acid. 

41 
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(fa) Adamkiewicz Reaction ; here glacial acetic acid waa i 
instead of the formaldehyde. Host commercial specimens of i 
acetic acid contain hydrogen peroxide as an impurity ; the oxidising 
action of this on the acetic acid leads to the formation of traces of 
glyoxylic acid and formaldehyde ; the necessary factors for the occurrence 
of the formaldehyde reaction are thus present. Glyoxylic acid gives the 
reaction by virtue of its decomposition into formaldehyde, which, when | 
present in minute traces, also reacts with pure sulphuric acid. 

The same reactions (g and h) are given by the solution of egg-white, J 
but not so markedly. 

2. ACTION OF NEUTRAL SALTS. - (a) Saturate the solution of I 
egg-white with magnesium sulphate by adding crystals of the salt and | 
grinding it up thoroughly in a mortar. A white precipitate of eg^ I 
globulin is produced. Filter. The filtrate contains egg-albumin. The j 
precipitate of the globulin is very small. 

(b) Half saturate the solution of egg-white with ammonium sulphate. 
This may be done by adding to the solution an equal volume of a saturated 
solution of ammonium sulphate. The precipitate produced consists of 
the globulin ; the albumin remains in solution. 

(c) Completely saturate another portion with ammonium sulphate by | 
adding crystals of the salt and grinding in a mortar a precipitate ie I 
produced of both the globulin and albumin. Filter. The filtrate contain! | 
no protein. 

(d) Repeat the last experiment (c) with a solution of commercial ] 
peptone. A precipitate is produced of the proteoses it contains. Filter. 
The filtrate contains the true peptone. This gives the biuret reaction 
(see above), but large excess of strong potash must be added on account 
of the presence of ammonium sulphate. Amvioiiium sulphate added 
to saturation precipitates all proteins except peptone. 

3. ACnOIf OF ACmS AND ALKALIS ON ALBUMIN.— Take | 
three test-tubes and label them A, B, and C. In each place an equal | 
amount of diluted egg-white. 

To A add a few drops of O'l per-cent. solution of caustic potash. 

To B add the same amount of 0*1 per-cent. solution of caostio | 
potash. 

To C add a rather larger amount of 0*1 per-cent. sulphuric acid. 

Put all three into the warm bath ' at about the temperature of the | 
body (36-40° C). 

After five minutes remove test-tube A, and boU. The protein is no | 
longer coagulated by heat, having been converted into alkali-n 
protein. After cooling, colour with litmus solution and neutralise with J 

m of warm liBth suitable fol- class j 
1 pot li&lf full of w&ter over a bentp 
age ia kept warm by a small gas flam 
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0-1 per-cent. acid. At the neutral point a precipitate is formed which is 
soluble in excess of either acid oi alkali. 

Next remove B. This also now contains alkali-metaprotein. Add 
to it a few drops of sodium phosphate, colour with litmus, and neutralise as 
before. Bote that the alkali-metaprotein now requires more acid for its 
precipitate than in A, the acid which is first added converting the sodium 
phosphate into acid sodium phosphate. This exercise shows that the 
presence of inorganic salts which react with acids may modify the re- 
actions of alkali-metaprotein. 

Now remove C from the bath. Boil it. Again there is no coagula- 
tion, the proteins having been converted into aciil-vielfprotnn. After 
cooling, colour with litmus and neutralise with O'l per-cent. alkali. At 
the neutral point a precipitate is formed, soluble in excess of acid or 
alkali. (Acid-metaproteiu is formed more slowly than alkali-meta- 
protein, so it is best to leave this experiment to the last.) 

Other acids, such as acetic or oxalic, may be employed instead of 
Bolphnric acid for making acid-metaprotein. The following exercise 
with oxalic acid gives good results : — To half a test-tubeful of diluted 
egg-white add 5 to 10 drops of a saturated solution of oxalic acid. 
Keep the mixture at a temperature of 40 50" C. for a few minutes. 
Then gradually heat the solution to boiling point : no coagulum results. 

4. QELATDf. -Take some gdathi and dissolve it in hot water. On 
cooling, the solution sets into a jelly (gelatinisation). 

Take a dilute solution of the gelatin, and try all the protein tests with 
it enumerated on p. 41. Carefully note down youi results. 

5. KERATIN.— Suspend some horn shavings or hair in water, and 
try all the colour tests for protein with this. Repeat also with this the 
sulphur test (Lesson I, Exercise 7 b, p. 6). 

6. MUCIN.- Add a few drops of acetic acid to some saliva. A stringy 
precipitate of mucin is formed. 

7. MUCOID. -A tendon has been soaked for a few days in lime 
water. The fibres are not dissolved, but they are loosened from one 
another owing to the solution of the interstitial or ground substance 
by the lime water. Take some of the lime water extract and add acetic 
acid. A precipitate of mucoid is obtained. The fibres themselves 
consist of collagen, which yields gelatin on boiling. Vitreous bumooi 
or the Whartonian jelly of the umbilical cord is much richer in ground 
substance than tendon, and, if treated in the same way, a much larger 
yield of mucoid is obtained. 
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The Proteins are the most important siibBtancea that occur in 
aDimal and vegetable organiBms, and protein metabolism ie the moat 
characteristic sign of life. 

They are highly comples: compoiradB of carbon, hydrogen, oiygea, 
nitrogen, and sulphur occurring in a aolid viscoua condition, or in 
aoltitiou iu nearly all parts of the body. The different members of the 
group present great similarities, for inatance, in the large size of their 
molecules, and in giving certain colour testa; there are, on the other 
hand, considerable differences between the Yarious proteins. 

The proteins in the food form the source of the proteins in the body 
tissues, but the latter are usually different in composition from the 
former. The food proteins are in tlie process of digestion broken np 
into simple substances, usually called cleavage products, and it is from 
these that the body cells reconstruct the proteins peculiar to themselves. 
As a result of katabolic processes in the body the proteins are finally 
i^ain broken down, carbonic acid, water, sulphuric acid (combined as 
sulphates), urea, and creatinine being the principal final products which 
are discharged in the urine and other excretions. The intermediate 
substances between the proteins and such final katabolites as urea will 
be discussed under Urine, 

The following figures will show how different the proteins are even 
in elementary composition ; Hoppe-Seyler many years ago gave the 
variations in percentage composition as follows : — 

C H N S O 

From 51-5 6'9 15-2 0*3 20-9 

To 54-5 7'3 170 2'0 23-5 

and recent research has since shown that the variations are even 
greater than those given by Hoppe-Seyler. 

Differences are also seen when the cleavage products are separated 
and estimated. These differ both in kind and in amount, but nearly all 
of them are substances which are termed amino-arids. Emil Fischer, 
to whom we owe so much of our knowledge in this direction, considers 
that the proteins are linkages of a greater or leaser number of these 
amino-acida, and there is great hope that in the future his work will 
result in an actual synthesis of the protein molecule, and with that Will 
come an accurate knowledge of its constitution. 

When the protein molecule is broken down in the laboratory by 
processes similar to those brought about by the digestive eosyifttn , 
which occur in the alimentary canal, the essential change is due to 
what is called hydroli/sis : that is, the molecule unites with water and 
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then breaks up into smaller molecules. The first cleavage products, 
which are called prateones, retain manj of the characters of the original 
protein ; and the same is true, though to a less degree, of the peptones, 
which come nest in order of fonnation. The peptones in their turn 
are decomposed into short linkages of amino-acids which are called 
polypeptides, and finally the individual amino - aotds are obtained 
separated from each other. 

What we have already learnt about the fatty acids will help us in 
understanding what is meant by a 



It 



atoms i 
hy NH, 
has the fonuula 



take acetic acid, which 
see that its formula is 

CH3.COOH. 
e of the three hydrogen 
the CH, group is replaced 



one of the n 



t of the fatty 



get a substance 



'^'^^^ 




CH3.NH2.COOH. 
The combination NHj which has 
stepped in is called the 1 
group, and the new substance now 
formed is called amino-acetic acid ; 
it is also termed glycine or glyeocolt. 

We may take another example from another tatty acid. Propionic 
acid is CjHj.COOH ; if we replace an atom ot hydrogen by the amino 
group aa before, we obtain C.jHj.NHj.COOH, which is amino-propionic 
acid or alanine. 

If instead ot propionic we take hydrosy-prop ionic acid, its amino- 
derivativo famino-hydrosy-propionic acid) is termed serine. 

A third amino-acid is similarly obtained by the introduction 
of the NH„ into valeric acid C,H9,C00H. Amino - valeric acid 
C^H«.NH5.cb0H is called Valine. ' 

Going to the next fatty acid in the series, caproic acid CjHj,.COOH, 
we obtain from it in an exactly similar way, CjH,().NH,.COOH, which 
is araino-caproic acid or leucine. Impure leucine crystallises in 
spheroidal clumps of crystals, as shown in fig. 5. With pure leucine 
the needle-like crystals are obtained separately. 

According to the way in which the amino-group is linked, a large nmnber 
of iBomeric amino-caproic acida, all with the same empirical formula, are 
theoretically possible. Many of these have been prepared synthetically, and 
it has been shown that the amino-OBproic acid called leucine, formed by 
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hydrolyBis from proteins, is the Icevo-rotator; variety, and should be ji 
accurately named a-amino-ieobutyl-acetio acid. The etruotore of this o 
povind ae oompared with that of aormal tLinino-caproic acid U shown in 
following sraphio formula; :- 



■> -^ 



CH, 



I 
CH„ 

I ' 
CH.NH„ 

I 
COOH 



IiiO-butyl 



HjCCHg 



C(X)H 



All the five ainino-acidu mentioned ((jlyuine, alanine, serine, valine, 
and leucine) are found among the final cleavage prodiiote of most 
proteins. 

A second group of amino-acids is obtained from fatt; acids, which 
contain two carboxyl (COOH) groups in their molecules. The most 
important of the amino-derivatives obtained from these diearboxylie 

Amino-siiccinamic acid (asparagine), v.* ^ 

Amino-succinic acid (aapartic a&U), t^-.-'^*' ' '-'^** 
Amino-glutaric acid (glutamic acid). 

The third group of amino-acids is a very important one; these are 
termed the aromatic amino-aeida ; that is, amino-acids united to the 
benzene ring, and of these we will mention two, namely, phenyl-alanine 
and tyrosine. We shall also have to consider a nearly related substance 
called tryptophane. 

Fbenrl-alanme is alanine or amino-propionic acid in which an atom 
of hydn^en is replaced by phenyl (C^Hj). 

Propionic acid has the formula CjHj.COOH. 

Alanine (amino-propionic acid) is C^H^NH^.COOH 

Phenyl-alanine is C^Hs.CjHj.SHj.COOH. 

The formula of phenyl -alanine may also be written in another way. 

If an H in the benzene ring (see p. 18) is replaced by the side 
chain CHjCH.NHj.COOH, we obtain the formula of phenyl-alanine : — 



I 

CHij.CHNH„COOH 
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a»r 



the remainder of tlie benzene ring, which is mialtored, lie 
sented as usual by a. simple hexagon. 

TyiOBine is & little more complicated ; it is ;)-oiy phenyl-alanine ; 
that is, instead of plienjl (C^Hj) in the formula of phenyl-alaJime, we 
have now osyphenyl (C|,H,.OH) ; this gives us 

( C,H,.OH )CaHg.N H^ COOH 
as the forniula for tyrosine written one way, oi 
HO 

• 

CHs-CHNHj-COOH 
when written in the other way. 
Tyrosine cryBtalliseB in collou- 
tions of very fine needles (nee 
fig. 6). 

TiTPtophane is more com- 
plex Btill ; it is indole amino- 
propionic acid : that is, amino 
propionic aeid united to another 
ringed derivative called indole. 
Tryptophane is the portion of 
the protein molecule which is the 
parent substance of two evil- 
smelling produets of protein do- 
compoBition called indole and suatole or methyl indole. Indole (CgH,N) 
is a combination of the benzene and pyrrol rings, as shown below ;^ 









CH 



NH 



Tryptophane ia the radical in the protein molecule which is 
responsible for the colour test called the Adamkiewicz reaction. 

In all the preceding coses, there is only one replacement of an 
atom of hydrogen by NH, ; hence they may be grouped together as 
mono-amino-acids. 
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Passing to the next stage in complexity, we come to another group 
of amino-acida which are called diamino-acida ; that is, fatty acids in 
which two hydrogen atoms are replaced by NH,, groups. Of these we 
may particularly mention l ysi ne, ornithine, arginine, and hiatidin^. 

Lysine is diamino-caproio acid. Caproic acid is C^fi^jTcOOH. 
Mono-amino'caproic acid or leucine, we have already learnt, ia 
CjHjg.NHj-COOH. Lysine or diamino-caproic acid is C5Hfl.{NHj),, 
COOH. 

OntitMne is diauino-valeric acid, and the following formulae will 
show its relationship to its parent fatty acid : — 
C^HgCOOH is valeric acid. 
CjH,(NHj)jCOOH ia diamino- valeric acid or ornithine. 

Arginine is a somewhat more complex substance, which contains 
the ornithine radical. It belongs to the same group of substances as 
creatine, another important cleavc^e product of the protein molecule. 
Creatine is methyl-guanidine acetic acid, and has the formula 



HN. 



-N(CHg)CH2.C00H 



On boiling it with baryta water, it takes up water (H^O) and splits at 
the dotted line into urea {C0(NH2)g) and sarcosine, as shown below. 



>C = 



NH.CH..CH„.C00H 



[urM] [isrccHlne or m«th7l.gl7ciDe) 

Arginine splits in a similar way, urea being split oS on the left, 
and ornithine instead of sarcosine on the right. At^inine is, there- 
fore, a compound of ornithine with a urea group. 

Histidine, though not strictly speaking a diamino-acid, is a diasine 
derivative (imidazole-amino- propionic acid) and so may be included in 
the same group. 

These substances we have hitherto described as acids, but they 
may also play the part of bases, for the introduction of a second basic 
group into the fatty acid molecules confers upon them basic properties. 
The three substances : — 

Lysine CflH^N^O,, 

Arginine CgHj^N^Oj 

Histidine C,H„Na0, 
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are in fact often called the hexone baset, because each of them contains 
6 atoms ot carbou, as the above empirical formulie show. 

Cystine is a complex diamino-acid in which sulphur is present, and 
in which the greater part ot the sulphur of the protein molecule is 
contained. The sulphur test described in Lesson I, Kxercise 7 b, p. 6, 
is due to the presence of the cystine group in the protein molecule, and 
it is particularly well shown by such proteins as keratin, which are rich 
in cystine. 

Chemically it is di- (thio-amino-propionic acid), and its formula is 

CH.NH, CH.NH„ '^'^^ 

I I 

COOH COOH 

We may summarise what we have learnt up to this point by 
enumerating the principal members of these various groups of amino- 

(1) Tlie mono-amino-acids : 

(a.) Of the mono-earboxylia group : glycitie, alanine, serine, 
valine, and leucine: 

(6) Of the dicarboji^l^ gjtOM'g : aspan^ine, as^Ttifi_flcid, and 
glutamic acid. 

(c) Of the ringed group : phenyl-ftlanine, tyrosine, and trypto- 
phane. ~ 

(2) The diamlno-acida : lysine, ornithine, ai^inine, and c^Une. 
We have still to mention ; — 

(3) PyrTolidine Derivatives. — These are derivatives of a ring which 
reminds us of the benzene ring, but nitrogen is included in the ring, 
formation; the most important are pyrrol id ine-carboiy lie acid, or 
proline, and its hydroxy derivative oxyproline. The formula for proline, 
which is a very constant product of protein cleavage, is 

H„C— CH„ 



H.i 



CH.COOH 
\/ 
NH 

(4) Pyrimidine Bases. — There are derivatives of the pyrimidine 
ring, another heterocyclic nucleus. 

The pyrimidine bases obtainable from the cleavage of certain 

4 
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proteinB (niicleo-proteina) are cytosine, thymin 
formalffi are as follows: 



uracil. Their 



HN— CO 
I I 

OC CH 
I II 

HN— CH 



OC C.OH. 



HN— C.NH, 

I I 
00 CH 

I II 
HN— CH 



[uracil or dioifpfrimldine) (Ihymine or metliyl uncllj (crbHloe or mmino^iTpniiiildlDeJ 

(5) Ptmne BaseB.^These, like the preceding, are obtained from the 
nucleic acid complex of nucleo-proteins, aud will be described on p. 64. 

(6) Ammonia. 

Our list now represents the principal groups of chemical nuclei 
united together in the protein molecule, and its length makes one 
realise the complicated nature of that molecule and the difficulties 
which beset its investigation. We may put the problem another way. 
In the simple sugars, with six atoms of carbon, there are as many as 
twentj-four different ways in which the atomic groups may be linked' 
up ; the formulse on p. 23 give only three of these which represent the 
structure of glucose, fructose, and galactose ; but the majority of the 
remainder have also been prepared by the chemists. The molecule of 
albumin has at least 700 carbon atoms, so the possible combinations 
and permutations must be reckoned by thousands. 

Many workers are steadily analysing the various known proteins, 
taking them to pieces and identifying and estimating the frt^ments. 
The following brief table gives the results obtained with some of the 
cleavage products of a few proteins. The numbers given are per- 
centages : — 
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Glycine . 








se 


0-5 


16'5 


4-7 


1-2 





0-oa 


Uidne . . 


20-0 


e-1 


187 


10-6 


21 


7'1 


16-6 


18-S 


6-6 


Glutamic acid. 


77 


8-0 


8-6 


11-0 


0-B 


37 


17'2 


18-8 


37-8 


TyrosinB. . 


2-1 


1-: 


3-5 


4-5 





3-2 


3'1 


3-6 


I -a 


Arginine 






... 


4-8 


7'e 




117 


1-2 


88 
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+ 
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1-6 
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Cyatme | 


2-5 


o-s 


07 


0-08 
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tliiu 10 


0-2 
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Such numbers, of course, are not lu be committed to memory, 
especially as the methods of analysis cannot in aU cases be considered 
Batiafaotory, but they are suBicieut to convey to the reader the 
differences between the proteins. There are several blanks left, on 
account of no estimations having yet been made. Where the sign + 
occurs, the subatnncc in question has been proved to be present, but 
not yet determined quantitatively. Among the more striking points 
brought out are : 

1, The absence of glycine from albumins. 

Is. The high percentage of glycine in gelatin. 

3. The absence of tyrOBiue and tryptophane in gelatin. 

4. The high percentage of the aulphur-eontaining substance (cystine) 
in keratin, 

5. The high percentage of glutamic acid in vegetable proteins. 
Fischer has discovered the way in which the amino-acids are linked 

together into groups ; and the culmination of his work will be the 
discovery of the way in which such groups are linked together to form 
the protein molecule. 

The groups he terms polypeptides ; many of these have been made 
synthetically in his laboratory, and so the synthesis of the protein 
molecule is foreshadowed. 

We may take as our examples of the polypeptides some of the 
simplest, and may write the formulie of a few amino-acids as follows : — 

NHg.CHg.COOH Glycine 

NHi.CaHj.COOH Alanine 

NH3.C5H,o.COOH Leucine 

ENH.R.COOH. 
Is arc linked together as showii in the following 



^■■VTbat: 

^^^mp of ( 



HNH.lt.CO OH.H ^NH.RCOOH. 



lat happens is that the hydrosyl (OH) of the carbosyl (COOH) 
Hip of one acid unites with oue atom of the hydrogen of the nest 
amino (HNH) group, and wat«r is thus formed, as shown within the 
dotted hne» : this is elitninated and the rest of the chain closes up. 
In this way we get a dipeptide. The names glycyl, alanyl, leucyl, 
etc., are given by Fischer to the NH^.R.CO groups which replace the 
hydrogen of the uest NH^ group. Thus glycyl-glycine, glycyl-leueiue, 
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leuoyl-alanine, alanyl -leucine, and numeroua other combinationa i 
obtained. If the same operation is repeat-ed we obtain tripeptideB 1 
(leuoyl-glyoyl-aliinine, alanyl-leucyl- tyrosine, etc.) ; 
tetrapep tides, and so on. In the end, by coupling the chains sufficiently 1 
often and in appropriate order, Fischer has already obtained substanceB J 
which give some o! the reactions ol peptone. 

Hauamaim's Metbod. — The ideal aim of the chemist woidd be to | 
separate the complex mixture of cleavage product* quantitatively in 1 
such a way as to account tor the whole of the carbon, nitrogen, Bulphui 
etc., in the original protein. This idea has not yet been attained oa J 
account of the secondary reactions taking place during hydrolysis, such 1 
as formation of brown and black pigments, splitting off of carbonio 
acid, etc. Even with the best methods at his disposal, Fischer and his 
colleagues have succeeded so far only in separating at the utmost 50 to 
TO per cent, of the amiuo-acids present in the cleavage products, and J 
the chief loss appears to be in the mono-amiuo-acids. 

Under these circumstances it is of the greatest value to be able to J 
obtain, by a short and trustworthy procedure, at least an approximate 1 
knowledge of the nitrogen distribution in the protein molecule, even if t 
this does not allow us to determine quantitatively the individual cleavage J 
products. Such a method has been worked out, mainly in Hofmeist^r'B ■ 
laboratory, by Uauamaun, and has been subsequently used by Oabom^ I 
and otheiB. 

Hausmaun's method is shortly as follows: — The total nitrogen of 1 
the protein is estimated by Kjeldabl's method. A weighed amount [ 
of the substance is then hydrolysed by means of hydrochloric acid. 
After complete hydrolysis the cleavage produots are separated into A 
three classes and the nitrogen estimated in each a 

1. Amide-N or ammonia nitrogen. This comprises the nitrogea^ 
of that part of the protein molecule which is easily split off e 
ammonia, and is determined by distilling off the ammonia after adding. I 
magnesia. 

2. Diamino-N. The fiuid, free from i 
phosphotungstic acid, and the nitrogen present i 
determined. This represents the nitrogen of the dia 
dine, arginine, et«.). 

3. Mono-amino-N is estimated in the residual fluid after removal irf J 
the amide and diamino-N. 

This method has furnished most valuable information when applied J 
to different animal and vegetable proteins, as is shown in the following J 
table from the aualyses of Usborne : — 



i precipitated by 1 

the precipitate- 1 

o-acida (histi>l 
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Total N. 


Amide-N. 


Diamino-N. 


Hduo- 

amino-N. 


Zein (maize) . . . . 


lfl'13 


2'97 


0-49 


13'61 


Hordein (barlay) 
Gliadin (wheat) 


17-21 




0-77 


17: 


)t 


17-88 


4-20 


08 


}•/ 


11 


Glutenin (wlieat) 


17-49 


3-30 


2-OS 


11 


35 


Leuoositi (whe«t) 


16 -83 


1-16 


3-50 


11 


J3 


£destiii(hemp). 


18'«4 




6-91 


lU 


7R 




15-62 


I'ai 


3 -48 


10-81 1 



These figuree show intereating differeticea between otherwise similar 
proteicB. New characteristics are given for aotiie protein groups, e.g. the 
aleohol soluble vegetable proteins, which possess a high amide-N and 
low diamino-N. In Osborne's analyses (not given) of various adestius, 
great differences of the diamiuo-N were revealed. The method has also 
proved useful for the differentiation of proteoses, and interesting deduc- 
tions aa to the food value of various proteins were drawn from its 
results. As SO to 90 per cent, of the carbon of proteins (according to 
Kossel) is present in combination with nitrogen, the method is likely to 
give important clues aa to the constitution of different proteins. 

Van Slyke'a Uetliod. — A further differentiation of the unit« in the 
protein molecule has been made possible by a method Van Slyke has 
introduced. The details of the method are given in Lesson XVIII ; it 
is an application of the well-known reaction of nitrous acid on aub- 
Btances containing an amino-group. Since nitrons acid liberates nitrogen 
only from the amino-group, it is possible, by estimating the total 
nitrogen, to determine by difference the non-ami no- nitrogen in a protein 
(that is, the part of the nitrogen which is in heterocyclic combination in 
proline, osyproline, tryptophane, and histidine). By making use of these 
facts, and applying them to Hausmann's method, Van Slyke has been 
Buoceasful in determining from 98 to 100 per cent, of the nitrogenous 
products of a complete protein hydroEysis, and the whole operation can 
be carried out with 2 or 3 grammes of the protein material. After 
complete hydrolysis of the protein, the ammonia nitrogen is estimated 
by vacuum distillation after adding magnesia. Arginine, histidino, 
lysine, and cystine are precipitated, as in Hausmann'a method, by 
phoaphotungstic acid ; this precipitate is dissolved, and the total nitrogen 
and the ami no-nitrogen in it are estimated. The difference gives the 
non-Eimino-nitrogon in the histidine (which contains two-thirds non- 
ami no-nitrogen) and arginine (which contains three-qua.rterB non-amino 
nitrogen). The remaining nitrogen of this fraction is contained in the 
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baaes lyaine and cystine ; these contain only amino-Qitrc^n ; cystine is 
determined separately by a sulphur estimation, and lysine by difference. 
Of the other pair of amino-acids, arginioe is estimated by boiling with 
potash, which splits off half its nitrogen as ammonia, and hiatidine by 
difference. The amino-acids contained in the phosphotungstic filtrate 
are separated into two fractions : (1) the acids which contain only 
ami no- nitrogen, and (2) those which also contain secondary nitrogen 
in the pyrrolidine ring (proline and oxyproline), or in the indole ring 
(tryptophane). 

During the distillation of the ammonia (amide nitn^n), a black 
colouring matter is formed ; the nitrogen in this is estimated and is 
designated humin nitrogen. The following table gives the amounts in 
percentages of the total nitrogen, of the nitrogen in the various fractions 
of certain proteins ; — 





^ 


!^* 


1 


K 


i 


K 


i4 


K 


K 




1 


i. 


■i 
% 


1 


1 
'S 


l| 


l| 




Wheat (gliftdin). 
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It will be seen that nearly 100 per cent, of the total nitrogen is 
accounted for. A further striking result is the high non-ami no-nitrogen 
percentage in gelatin, indicating that larger quantities of proline are 
contained in it than older analyses had revealed. The lai^e amount of 
lysine in haemoglobin is also surprising, as histidine was previously 
thought to be its principal di-amino-acid. The method has a great 
future before it. 

TESTS FOB FBOTEINS 

Solubilities. — The proteins iire insoluble in alcohol and ether. Some 
are soluble in water,' others insoluble. Many of the latter are soluble in 
weak saline solutions. Some are insoluble, others soluble in concentrated 
saline solutions. 

' Tlio proteins ore not truly aoluWe in water ; tliej oi-e in a stato of olloidai 
aolutian, a. condition intermediate between true tiolution and aun|ieneion. Many of 
their properties are due to tbi« fant. (Seo Appendix, ) 
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All proteins are soluble with the aid of heat in concentrated mineral 
acids and allialis. Such treatment, Lawever, decomposes ah well as dis- 
solves the protein. Proteins are also soluble in gastric and pancreatic 



juices; but hare, again, 



T undergo a change, a 



Heat Coa^iulatioii. — -Most native proteiua, such as white of egg, are 
rendered insoluble when their solutions are heated. The temperature 
of hettt coagvilatiori diiferB in different proteins ; thus myosinogen and 
fibi-inogen coagulate at 56° C, serum albumin and serum globulin at 
about 75° C. 

The proteins which are coagulated by heat 
classes : the albumins and the glolnilina. Theae differ 
the albumins are soluble in distilled water, the 
true globulins require salts to hold them in 
solution. 

ladifFOsihility. — The proteiua (peptones ex- 
cepted) belong to the class of substances called 
colloids by Thomas Graham ; that is, they pass 
with difficulty, or not at all, through animal 
membranes. In the construction oE dialysers, 
vegetable parchment is iai^cly uaed. 

Proteins may thus be separated from 
diffusible (erijsUiUmd) aubstancea uuch as salts, 
but the process is a tedious one. If some 
serum or white of egg is placed in a dialyser 
(fig. 7) and distilled water outside, the greater 
amount of the salts passes into the water 
through the membrane and is replaced by 
water ; the two proteins albumin and globulin 
remain inside ; the globulin is, however, precipitated, as the aalte 
which previously kept it in solution are removed. 

The terms " diflusiou " and " dialyaia " should be distinguiahed from each 

If water is earefuUy poured on the surface of a solution of ftny substance, 
this substance gradually spreads through the wat«r, and the eompotritioa of 
the mixture becomes uniform in time. The time occupied is short tor sub- 
stances like sodium chloride, and long tor substances like albumin. The 
phenomenon is called diffusion. If the solutions are aeparat-ed by a mem- 
brane the term diabjsia is employed. The word osmofis is properly restricted 
to the passes of water through membranes, and can be best studied when 
Bemi-permeable membraneH are employed, See more fully artiele Osmosis 
m Appendix. 
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OrystalliBation. — Haemoglobin, the red pigment of the blood, ia a. 
protein substance and is ciyBtallisable (for further details, see The 
Blood, Leaaon IX). Like other proteins it haa an enormouBlj l&rge 
molecule ; though crystalline, it ie not, however, cr78talloid in 
Graham's sense of that term. Blood pigment, however, is not the 
oal; crystal lis able ptoteiu. Long ago crystals of protein (globulin 
or vitellin) were observed in the ale u rone grains of many seeds, 
and in the somewhat similar granules occurring in the egg-yolk 
of some fishes and amphibians. By appropriate methods these 
have been separated and recry stall ised. Further, egg albumin itself 
has been crystallised. If a solution of white of egg is diluted with 
an equal volume of saturated solution of ammonium sulphate, the 
globulin present is precipitated and is removed by filtration. The 
filtrate is now allowed to remain some days at the temperature 
of the air, and as it becomes more concentrated from evaporation, 
minute spheroidal globules, and finally niinut« needles, either i^re- 
gated or separate, make their appearance (Hofmeister). Crystal- 
lisation is more rapid if a little acetic or sulphuric acid is added 
(Hopkins). Serum albumin (from some animals) has also been similarly 
crystallised (Giirber). 

Action on Polarised Light. — All proteins are lEevo-rotatory, the 
amount of rotation varying with individual proteins. Several of 
the compound proteins, e.g. haemoglobin, and nucleo-proteins are 
destro-rotatory, though their protein components are Isevo-rotatorJ 



Oolour Beactions. — The principal colour reactions have been already 
described in the heading of this lesson. 

(1) The xantho-proteic reaction depends on the conversion of the 
aromatic group of the protein molecule into nitro-derivatives. 

(2) Mjllfln^s reaction is due to the presence of the ty rosine group, 
and is given by all- benzene derivatives which contain a hydroiyl group 
(OH) replacing hydrogen. 

(3) The formaldehyde reaction (and the Adamkiewicz reaction) is 
due to the presence of the tryptophane radical (indole amino-propionio 
scid). 

The presence, absence, or intensity of these colour tests in various 
proteins depends respectively on the presence, absence, or amount of 
the groups to which they are due. 

(4) In the copper sulphate test the proteoses and peptones behave 
differently from the native proteins ; the latter give a violet and the 
former a rose-red colour, which is called the Htiret reaction, because the 
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same tint is also given by the siibatancB oalled biuret.^ The name does 
not imply that biuret is present in protein, but both biuret and protein 
give the reaction because ti)ey possess the same atomic groups, namely, 
two CONHj_groups linked either to a carbon atom, or to a nitrogen 
atom, or directly to one another (SchifF). The native proteins give 
a violet colour because the red tint of the copper compotmd with the 
biuret group is miied with another copper compound which has a 
blue colour. 

Precipitants of Proteins, — Proteins are precipitated by a large 
number of reagents ; the peptones and proteoses are exceptions in many 
cases, and wiU be considered separately afterwards (see Lesson VII). 

Solutions of the proteins are precipitated by — 

1. Strong acids, such as nitric acid. 

2. Picric acid. 

3. Acetic acid and potassium ferrocyanide. 

4. Acetic acid and excess of neutral salts such as sodium sulphate. 

5. Salts of the heavy metals, such as copper sulphate, mercuric 
chloride, lead acetate, silver nitrate, ikc. 

6. Tannin. 

7. Alcohol. 

S. Saturation with certain neutral salts, aucfa as ammonium sulphate. 

It is necessary that the words euaffidatCon and precipitation should, 
in connection with the proteins, be carefully distinguished. The term 
coagulation is used when an i n so lu ble _jrotei n (coagulated protein) is 
formed from a soluble one. This may occur— 

1. When the protein^ is heated — keat coagulation. 

2. Under the influence of an enzyme ; for instance, when a curd is 
formed in milk by rennet or a clot in shed blood by the fibrin fennent 
— eiwyme coagulation. 

There are, however, certain precipitants of proteins in which the 

precipitate formed is readily soluble in suitable reagents, such as saline 

solutions, and the protein continues to show its typical reactions. This 

precipitation is not coagulation. Such a precipitate is produced by 

saturation with ammonium sulphate. Certain proteins, called globulins, 

are more readily precipita,ted by such means than others. Thus, 

serum globulin is precipitated by halt-saturation with ammonium 

sulphate. Full saturation with ammonium sulphate precipitates all 

proteins but peptone. The globulins are precipitated by ceitain saTts 

' Biarst ia obtained by heating solid urea j'nmmonia is given off and leaves biuret 

2C0NjH(= G,0,N,Hs +NH, 
[urea] [1>laret1 [immaniB] 
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BQch as sodium chloride aad lUE^neaium aulphate, which do not precipi- 
tate the albumina. The precipitation of proteins by salts in this way 
is coDvenieutly termed " salting out." 

The precipitate produced by alcohol ia peculiar in that after a time 
it becomea a coagulum. Protein freshly precipitated by alcohol is 
readily soluble in water or saline media ; but after it has been allowed 
to stand aome time under alcohol it becomes more and more insoluble. 
Albumins and globulins are moat readily rendered insoluble by this 
method ; proteoses and peptones are never rendered Insoluble by the 
action of alcohol. This fact is of value in the separation of these proteins 
from others. 

CULSSIFICATIOH OF FB0TEIH8 

The knowledge of the chemistry of the proteins which is slowly pro- 
greasing under Emil Fiacher'a leadership will no doubt in time enable 
us to give a classificatton of these substances on a strictly chemical 
basis. The following classification must be regarded as a proviaional 
one, which, while it retains the old familiar names as far aa poasible, yet 
attempts also to incorporate some of the new ideas. The classes of 
animal proteins, then, beginning with the simplest, are aa follow : — 

1. Protaminea. 6. Phospho-proteins. 

2. Histones. 7. Conjugatod proteins. 

3. Albumins. (a) Gluco-proteina. 

4. Globulins. (i) Nucleo-proteins. 

5. Sclero-proteins. (c) Chromo-proteins. 
We shall take these classes one by one. 

1. The FrotamineB 
These substances are obtainable from the heads of the spermatozoa 
of certain fiahea, where they occur in combination with nuclein. Kossel's 
view that they are the simplest proteiua in nature has met with general 
acceptance, and they give such typical protein reactions as the copper 
sulphate test (Roae's or Piotrowaki's reaction). On hydrolytic decom- 
position they first yield substances of smaller molecular weight analogous 
to the peptones which are called protona, and then they split up into 
amino-acids. The number of resulting amino-acids is small as com- 
pared with other proteins ; hence the hypothesis that they are simple 
protoins is confirmed. Notable among their decomposition products 
are the diaraino-acids or hexone bases, especially arginine. The pro- 
tamines differ in their composition according to their source, and yield 
these products in different proportions. 
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Saimine (from the salmon roe) and dupeine (from the herring roe) 
appear to be identical, and have the empirical formula CgjHjjNj^Oj : 
its principal decomposition product is arginioe, but email amounts of 
valine, serine, and proline are also found. Starine (from the sturgeon) 
yields the same productu with lysine and histidioe in addition. With 
one exception, the protamines yield no aromatic aniino-acids ; the 
exception is cyclopteHne (from Gydopterm luviput) ; this substance is 
thus an important chemical link between the other protamines and 
the more complex members of tlie protein family, 

2. The Histones 

These are substances which have been separated from blood cor 
pusclea ; glohin, the protein constituent of hffimoglobm is a nell 
marked instance. They yield a larger number of ammo compounds 
than do the protamines, but diamino-acids are still relatively abundant 
They a re coagiiiabl e_by_heat, soluble in dilute^acids, and preci pi ta ble 
from such solnt ionB by amm onia. The precipitability by ammonia is 
a property posBessed by no other protein group. 

3. The AlbaminB 

These are typical proteins, and yield the majority of the cleavage 
products enumerated on pp. 45 to 50. 

They enter into colloidal solution in water, in dilute saline solutiona, 
and in saturated solutions of sodium chloride and magnesiuni sulphate. 
They are, however, precipitated by saturating their solutions with 
ammonium su lpha te. Their sokitions are coagulaled_byJieat usually 
at 70°-73' 0. Serum albumin, egg-albumiii, and lact-alburain are 



4. The aiohulins 

The globuUns give the same u;aueral te.sts as the albumins; they 
are coagulated by heat, but differ from the albumins mainly in their 
solubilities. This difl'erence in. solubility may be stated in tabiila,r form 
OS follows ; — 



BeagBDt. 




Albumin. 


Gkbulin. 




iiolublo 
aclubk 

soluble 

soluble 
iuBuluble 


iuBoluble 
soluble 

iuioluble 

iusoluble 
inwlubU 


Dilute snliiKi Hiiliition . 


am sniplmte 


Hilf-saturoted aolutiou of 
Blllphate .... 


ammonium 
n 'MllphBU '. 
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Id geneml terms globulins are more reEidily salted out than albui 
they may therefore be precipitated and thus separated from the albumiaB- 
by saturation with such salts as sodium chloride, or, better, magnesiunii 
sulphate, or by half saturation with ammonium sulphate. 

The typical globulins are also insoluble in water, and so may hit 
precipitated by removing the salt which keeps them ia solution. This 
may be accomplished by dialysis (see p. 55). 

Their temperature of heat coagulation varies considerably. The 
following are the commoner globulins : — fibrinogen and serum globulin. 
in blood ; egg-globulin in white of egg, para-myosinogeu in muscle, an 
crystallin in the crystalline lens. We must also include under the satn 
heading certain proteins which are the result of enzyme coagulation o 
globulins, such as fibrin (see Blood) and myosin (see Muscle). 

The most striking and real distinction between globulins and 
albumins is that the latter on hydrolysis yield no glycine, wherea* 
the globulins do. 

5. The Scleio-proteins 

These substances form a heterogeneous group of substances, whicb 
are frequently termed albwrninoidg. The prefix sdero- indicates th& 
skeletal origin and often insoluble nature of the members of the group. 
The principal proteins under this heading are the following :- 

1. Oollafien, the substance of which the white fibres of connective 
tissue are composed. Some observers regard it as the anhydride <rf 
gelatin. 

2. Ossein. — -This is the same substance derivw] from boue. 

In round niiinberB the sohd matter in bone oontains two-thirds inorganic 
or earthy matter, and one-third organic or aninuti matter. The inorganic 
eonstituents are calcium phosphate (84 per cent, of the ash), calcium carbonata 
(13 per cent.), and smaller quantities of calcium chloride, calcium fluoride, and 
magnesium phosphate. The organic constituents are ossein (this is the moflti 
abundant), elastin from the membranes lining the Haversian canals, laoun^i 
and canahculi, and other proteins and nucleln from the bone ooipusolett 
There is also a small quantity of tat even after removal of all the 
Dentine is Ulie bone cheTnicaliy, but the proportion of earthy matter is rather 
greater. Enamel is the htudest tissue in the body ; the mineral matter is Eke 
that found in bone and dentine ; but the organic matter is so small in quantify 
as to be practically non-existent (Tomes). Enamel is epiblastic, not mesol " 
like bone and dentine. 

3. Qfllatin.^This substance is produced by boiling collagen 
water. It posseaaes the peculiar property of setting into a jelly 
a solution made with hot water cools. On digestion it is like 



I 





THE PROTEINS 61 

proteins conTerted into peptone-like subBtauces aud is readil; absorbed. 
Though it will replace in diet a certain quantity of such proteins and 
thus acta as a " protein-spariug " food, it cannot altogether take their 
place as a food. Aniinala whose sole nitrogenous food is gelatin waste 
rapidly. The reason for this is that gelatin contains neither the 
tyrosine nor the tryptophane radicals, and bo it gives neither Millon's 
nor the Adamkiewicz reaction. Animals which receive in their food 
gelatin to which tyrosine and tryptophane are added thrive better. 

4. Chondrin.^This is the name given to the raiiture of gelatin and 
mucoid which is obtained by boiling cartilage. 

5. Elastin. — This is the substance of which the yellow or elastic 
fibres of connective tissue are composed. It is a very insoluble material. 
The sarcolemma of muscular fibres and certain basement membranes 
are composed of a simiJar substance. 

6. Keratin, or horny material, is the substance found in the surface 
layers of the epidermis, in hairs, nails, hoofs, and horns. It is very 
insoluble, and chiefly differs from most other proteins in its high 
percentage of the sulphur-containing amino-acid called cystine. A 
similar substance, called neurokeratin, is found in neuroglia and nerve 
fibres. In this connection it is interesting to note that the epidermis 
and the nervous system are both formed from the same layer of the 
embryo — the epiblast. 

6. The Phospho-protelnB 

Vitellin (from egg-yolk), caaeinoyen, the principal protein of milk, 
and Kwei'ji, the result of the action of rennet on caseinogen (see Milk), 
are the principal members of this group. Among their decomposition 
products is a considerable quantity of phosphoric acid. They have 
been frequently confused with the uucleo-prot«ins which we shall be 
studying immediately ; but they do not yield the products (purine and 
Other bases) which are characteristic of nucleo - compounds. The 
phosphorus is contained within the protein molecules, and not in another 
molecular group united to the protein, as in the case of the nucleo- 
proteins. The phospho-proteins are of special value in the nutrition 
of young and embryonic animals. Many other proteins, such as the 
lp]iulin of blood serum, contain traces of phosphorus. 

7. Tlie Oonjngated Proteins 

I These very complex substances are compounds in wJiich the protein 

molecule is united to other organic materials, which are, as a rule, also 

of complex nature. This second constituent of the compound is usually 
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termed a proiCkedc group. They may bo divided into the following 
sub-claases. 

i. Chiomo-proteioB. — These are compotuids of proteins with 
pigment, which iiBitaUy containB iron. They are eiemplified by hiemo- 
globin and tta ulliea, which will he fully considered under Blood. 

ii. Qlnco-proteinB. — These are compounds of protein with a carbo- 
hydrate group. This claas inclnHes the mncins and the mncoida. 

The mucins are widely distributed and may occur in epithelial cells, 
or be shed out by these cells (mucus, mucous g;lands, goblet cells). The 
mucins obtained from ditforent sonrces vary in composition and re- 
actions, hut they all agree in the following points ; — 

[a) Physical character. Viscid and tenacious. 

(6) They are soluhle in dilute alkalis, such as lime water, am 
precipitable from solution by acetic acid. 

The mueoidi generally resemble the mucins, but differ from them in 
minor details. The term is applied to the mucin-like substances which 
form the chief constituent of the ground substance of connective tiseuea 
(tendo- mucoid, chondro-mueoid, etc.). Another, ovo-mucoid, is found 
in white of egg, and others (pseudo-mucin and para-mucin) are ocoasioq- 
ally found in dropsical etfnsions, and in the fluid of ovarian cysts. 

The differences between the mucins aod the mucoids are probably 
due to the nature of the protein to which the carbohydrate group is 
united. The carbohydrate Mubatance is not sugar, but a oitrogenoua 
substance which has a similar reducing power to sugar, and which ia 
called glucosamine (C^HjiO^NHj) : that is, gluooae in which HO is 
replaced by NH^. 

Pavy and others have shown that a bduiU quantity of the . 
carbohydrate derivative can be split off from various other proteins 
which we have already placed among the albuminB and globulins. It 
ia, however, probable that this must not be considered a prostbetie 
group, but is more intimately united within the protein molecule. 

iii. Nacleo-proteins. — These are compounds of protein with a com- 
plex organic acid called nucleic acid which contains phosphorus. Thejr 
are found both in the nuclei and cell-protoplasm of cells. In pfajNcdi 
characters they often simulate mucin. 

Nuclein is the name given to tho chief constituent of cell-nuolei 
It is identical with the chromatin of histologiats (see tig. 8). 

On decomposition it yields an organic acid called nucleio acid, 
together with a variable but usually small amount of protein, H 
contains a high percentage (10-11) of phosphorus. The nuclein obfaunsdl 
from the nuclei or heads of the spermatozoa consiata of nuoleiD »a\A 
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without any protein admixture. In fishes' spermatozoa, however, there 
is an exception to this rule, for there it is, as we have already seen, 
united to protamine. 

T!ie nudeij-pruteini of cell protoplatm are compounds of nucleic 
acid with a much larger quantity of protein, so that they usually 
contain only 1 per cent, or less of phosphorus. Some also contain 
iron, and it is prohahle that the normal supply of iron to the body is 
contained in the nucleo-proteins or hixmatogmt (Bunge) of plant or 
animal cells. 

Nucleo-proteins may he prepared from cellular structures such us 
I thymus, testis, kidney, et«., by two principal methods :■ — 
^^^ft 1. WuoldHdge'e Afei/uvi.— The organ is minced and soaked in water 

"'" " "* ' " """ - • ■ • • j|,dn»lopl. 



for twenty-four ho\irs. Dilute acetic acid added to the aqueous extract 
precipitates the nucleo-protein. 

2. Sodium chloi-ide Method. — The minced organ is ground up in a 
mortar with solid sodium chloride; the resulting viscous mass is 
poured into excess of water, and the nucleo-protein rises in strings to 
the top of the water. 

The solvent usually employed for a nucleo-protein, by whichever 
method it is prepared, is a 1 per-cent. solution of sodium carbonate. 
The relationship of nucleo-proteins to the coagulation of the blood is 
described under that heading. 

Nucleic acid yields, among its decomposition produota, phosphoric 
acid, a carbohydrate, various bases of the purine group, and bases also 
of the pyrimidine group. The following diagrammatic way of repre- 
senting the decomposition of nucleo-protein will assist the student in 
membering the relationships of these suhstances \~ 
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NUCLBO-PROTBIN 

subjected to gastric digestion yields 

! 

r "I 

Protein — converted into pep- Nuclein, which 
tone, which goes into solution. insoluble residue. If this is 

dissolved in alkali, and hydro- 
chloric acid added, it yields 



A precipitate consisting of nucleic 

meta-protein in solution. acid. If this is heated in a 

sealed tube with hydrochloric 

acid, it yields the following 

substances. 

! 

I III 

Phosphoric acid. Carbohydrate. Purine bases. Pyrimidiue 

Recent research on the nucleic acids obtained from various 
mammalian organs indicates that they fall into two main classes : — 
(1) Nudeic Acid Proper. — This yields on decomposition — 
(a) Phosphoric acid. 

(6) A carbohydrate of the hexose group which has not yet been 

identified. In nucleic acid from vegetable cells {e.g. 

from yeast) the sugar which takes its place is a pentose 

(rf-ribose) (Levene). 

(c) Two members of the purine group in the same proportion, 

namely, adenine and guanine. 
{d) Two pyrimidine bases, namely, cytosine and thymine 
(see p. 50). 
The purine hates are specially interesting because of their close 
relationship to uric acid, and we shall have to deal with them again in 
our description of that substance. They are all derivatives of a ringed 
complex, named purine by Fischer, and their relationship to each other 
is best seen by their formulae : — 

Purine Cj,H,N^ 

IHypoianthine (monoiy-purine) CgH^N^O 
Xanthine (dioxy-purine) C.H.N.O, 
Adenine (amino-purine) C^HjN^.NHj 
Guanine (amiuo-osy-purine) CjHgN^O.NHj 
Uric acid (trioxy-purine) CjH^N^Oj 
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The two bases obtained from Ducleic acid are the two which contain 
the NHg group. If xanthine and hypoxanthine are obtained, they 
are the secondary effeots of oiidative and de-amidiaing enzymes. 

(2) Gvionylic Acid. — This is a simpler form of nucleic acid found 
in certain organs (pancreas, liver, etc.), mixed with the nucleic acid 
proper. It yields on decomposition only three substances, namely : — 
(a) Phosphoric acid. 

(i) A carbohydrate of the pentose group. 
(e) Guanine, but no adenine. 

From his work on the nnoleio acid of yeast, Levene finds that it is composed 
of complexes oonnsting of phosphoric acid, carbohydrate (ribose), and a base. 
Those are termed lOKleolidei. Guanylic acid, described above, is a mono- 
nucleotide, but the majority of nucleic acids ore poly-nucleotidea. When these 
are broken down by chemical reagents, the first change is the removal of the 
phosphoric acid, leaving intact the combinations of base and carbohydrate ; 
these latter combinations are called nadeotidet ; thus — 

Adenine+ riboae= adenosine. 

These nucleosides may be further split into base and ribose ; or they may be 
de-amidised (i.e. the amino-group is remxjved) and nnoleosides obtained in 
which hypoxanthine and xanthine are united with the ribose, and these in their 
turn may be split into baae and ribose. 

The same cleavages are accompliabed in the body by the action of tissue- 
enzymes contained in varying degrees in the difierent organs and tissues. As 
these enzymes are specific, the number which may come into sucoeesive play 
in the decompositions which occur in the body is very numerous. These 
enzymes are spoken of under the general term nuckaaee. 

Protein-hydrolysis 

When protein material is subjected to hydrolysis, as it is when 
heated with mineral acid, or superheated steam, or to the action ot 
such eoaymes as trypsin in the alimentary canal, it is finally resolved 
into the numerous amino-acids of which it is built. But before this 
ultimate stage is reached, it is split into substances of progressively 
diminishing molecular size, which still retain many of the protein 
characters. These may be classified in order ot formation as follows : — 

1. lie ta- proteins. 

2. Proteoses. 

3. Peptones. 



5. Amino-acids. 
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The polypeptides are linkages of two or more amino-acida as already 
explained. Although most of the polypeptides at present known are 
products of laboratory synthesis, some have been definitely separated 
from the digestion of proteios, and so they must appear in our classifi- 
cation. The proteoses, peptones, and some of the longer polypeptides 
give the biuret reaction ; the peptones, which are probably complex 
polypeptides, cannot be salted out of solution tike the proteoses ; their 
molecules are smaller than those of the proteoses. We shall study 
them more fully under Digestion. 

It is, however, convenient to add here a brief description of the 
meta-proteins, since some of the practical exercises at the head of this 
lesson deal with them. 

They are obtained as the first stage of hydrolysis by enzymes, and 
also from the action of dilute acids or alkalis on either albumins or 
globulins. The general properties of the add and cUkali-meta-protein» 
which are thereby formed are as follows : — they are ins oluble j n pure 
wAtei^but are sol uble in ei tbw-ftMd ^or alka li, and are precipitated 
by neutralisation unless certain disturbing influences such as sodium 
phosphate are present. They are precipitated, as globulins are, by 
saturation with such neutral salts as sodium chloride or magnesium 
sulphate. They are not coagulated by heat if in solution. In alkali- 
meta-protein some of the sulphurm the original protein is removed. 

A variety of meta-protcin (probably a compound containing a large quantity 
of alkali) may be formed by adding stroug potash to undiluted white of ^|g' 
The resultii^ j^Uy '^ called Liebtrkiihn' s jeUy. A similar jelly is obtainable by 
adding strong acetic acid to undiluted egg-wbit«. 

The word " albuminat« " is used for compounds of protein with mineial 
substances. Thus if a solution of copper sulphate is added to a solution of 
albumin a precipitate of copper albuminate is formed. Similtriy, by the 
addition of other salte of the heavy metals, other metallic albuminatee ore 
obtainable. The halogens (chlorine, bromine, iodine) also form albuminirteB 
in this sense, and may be used for the precipitation of proteins. 

It should be noted, in conclusion, that the foregoing classification of pro- 
teins is mainly applicable to those of anima! origin. The vegetable proteins 
may roughly be arranged under the same main headings, although it is donbtAll 
if a real and complete analogy exists in all casca. The cleavage products of 
the vegetable proteins are in the main the same as those of the animal pio- 
teins, but the quantity of each yielded is usually different. Muiy vegetable 
proteins, for instance, give a very much higher yield of glutamic acid than 
do those of animal origin. 

There are also certain vegetable proteins, such as gliadin from the ^nten 
of wheat, hordem from barley, and zein from mioize, which stand apart from 
all othei members of the group in being soluble in alcohol 
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The vegetable proteinB whioh have been mainly etudied are those contuned 
in the eeeda of plants. They may provisionally be grouped into foor main 

1. Albumina, such aa leucosin in wheat. 

2. Globulins, such as edestin of hemp and other seeds ; most of these are 
readily ci3rstallisable. 

3. Glutelins. These are insoluble in water and saline solutions, and are 
soluble only in dilute alkali. They are probably not very strongly marked 
oS from the globulins, since it has been shown that the solubility of globulins 
in dilute saline solutions is also due to a trace of alkali. The best example 
of this third class is the glutenin of wheat gluten. 

4. Gliadins ; the proteins soluble in alcohol just alluded to. They are 
characterised also by the absence of lysine among their cleavage products, 
and usually yield a very high percentage of glutamic acid on decomposition. 
The gluten of wheat flour, which is formed when water is added to it, has 
been shown to consist of two proteins — one (ghadin) soluble in alcoho!, the 
Other (glutenin) soluble in alkali. It is to the former that the gluten of dough 
owns its cohesiveness ; and grains such as rice, which contain no gliadin, 
cannot in consequence be employed for making bread. 
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LESSON VI 

FOODS 

A, MILK. — 1. Ezamine a drop of milk with the mioroflcope. 

3. Note the specific gravity of fresh milk with the lactometer ; com- 
pare this with the specific gravity of milk from which the cream haa been 
removed (skimmed milk). The specific gravity of skiinffled milk ii 
higher owing to the removal of the lightest constitnent — the cream. 

3. The reaction of fresh milk is neutral or slightly alkaline to litmiu. 

4. Warm some milk in a test-tnbe to the temperature of the body, and 
add a ttow drops of rennet. After standing, a curd is formed from the 
conveisiOQ of caseinogen, the chief protein in milk, into casein. The 
casein entangles the fat globules. The liquid residue is termed whey, Ho 
curdling ia produced if the rennet solution ii previously hoiled, beoatue 
heat destroys rennet as it does all enzymes. 

6. Take some milk to which 0-2 per cent, of potassiom oxalate has been 
added ; warm to 40° C. and add rennet. No curdling takes place beoaose 
the oxalate has precipitated the calcium salts which are necessary in the 
coagulation process. 

Take a second specimen of ozalated milk and add a few drops of 
Z per-cent. solution of calcium chloride, and then rennet ; curdling oi 
coagulation takes place if the mixture is kept warm in the usual way. 

6. To another portion of warm milk diluted with water add a few 
drops of 20 per-cent. acetic add. A lumpy precipitate of caseintvoi 
entangling the fat is formed. 

7. Filter ofE this precipitate, and in the filtrate teat for lactose or milk- 
sugar by Fehling's solution (see Lesson III)i for laet-albmnin by 
boiling, or by Millon's reagent (see Lesson V) ; and for earthy (that ia, 
calcium and magnesium) phosphates by ammonia, which precipitate! 
these phosphates. Phosphates may also be detected in the following way : 
add nitric acid, boil and Slter ; warm the filtrate with ammonium molyb- 
date ; a yellow crystalline precipitate of ammonium phospho-molybdate 
is formed. 

8. Fat (butter) may be extracted from the precipitate obtained in 6 by 
shaking it with ether ; on evaporation of the ethereal extract the fet it 
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left behind, forming a greasy stain on paper. The presence of fat may 
also be demonstrated by the black colour produced by the addition of 
Qsmic acid to the milk. 

9. Shake up a little milk with twice its volume of ether ; the opacity 
of the milk remains nearly as great as before. Repeat this, but first add 
to the milk a few drops of caustic potash before adding the ether and then 
shake. The milk which lies beneath the ethereal solution of fat becomes 
translucent. As a matter of fact ethei dissolves the fat without the addi- 
tion of alkali, and the opacity of milk is therefore not due to the fat 
globules alone, but largely to tbeii protein envelopes. The clearing which 
takes place when ether and alkali are added is due to an action of the 
reagents on the caseinogen. 

10. CaspJnogeiu like globulin, is precipitated by saturating millt with 
sodium chloride oi magnesium sulphate, and by half saturation with 
ammonium sulphate, but differs from the globulins in not being coagulated 
by beat. The precipitate produced by saturation with salt floats to the 
surface with the entangled fat, and the clear salted whey is seen below 
after an hour or two. 

B. FLOUR. -Hix some wheat flour with a little water into a stiff 
dough . Wrap this up in a piece of muslin and knead it under a tap or in a 
capsule of water. The starch grains come through the holes in the muslin 
(identify by iodine test), and an elastic sticky mass remains behind. This 
is a protein caX^aA^jhitcti. Suspend a fragment of gluten in water; add 
nitric acid and boil ; it turns yellow ; cool and add ammonia ; it turns 
orange (xanthoproteic reaction). Boil another fragment with Millon's 
reagent ; it turns a brick-red colour. 

C. BREAD contains the same constituents as flour, except that some 
of the starch has been converted into dextrin and dextrose during baking 
(most flours, however, contain a small quantity of sugar). Extract 
breadcrust with cold water, and test the extract for dextrin (iodine test) 
and for dextrose (Trommer's or Fehling's test). If hot water is used, 
starch also passra into solution. 

D. MEAT. — This is our main source of protein food. Cut up some 
lean meat into flue shreds and grind these up with salt solution. Filter 
and test for proteins. 
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THE PRINCIPAL POOD-BTUFFS 

We can now proceed to apply the knowledge we have obtami 
the proteins, isttrbohydrutes, aud fat« to tbe invefitigatiou of Bome 
important foods. The chief chemical substances in food 

1. Proteina "i 

2. CatboLydrates [■ organic. 

3. Fat« J 

4. Water i 
6. Salts j •""8^""=- 

In milk and in eggs, which form the exclusive foods of young 
aniniala, all varietiea of theae principles are present in suitable propor- 
tions. Hence they are spoken of as perfect foods. Eggs, though a. 
perfect food for the developing bird, contain too iittle carbohydrate 
for a mammal. In niost vegetable foods carbohydrates are in esces^. 
while in animal foods, such as meat, the proteins are predominant. 
In a suitable diet these should be mixed in proper proportions, which 
vary for herbivorouB and earniviiroua animals. We must, however, 
limit ourselves to tbe omnivorous animal, mau. 

A healthy and suitable diet niuMt poBseaa tbe following eharacters :— " 

1. It must contain the proper amount and proportion of the vanOM 
proximate principles. 

2. It must he adapted to the climate, to the age of the indiridual, 
and to the amount of work, done by him. 

3. Tbe food must contain, not only the necessary amount oC 
proximate principles, but theae must Ije present in a digestible forou 
Ab an instance of this, many vegetables (peas, beans, lentils) oontfutf 
even more protein than beef and mutton, but are not so nutritious, i 
they are less digestible, much passing off in the feecea unused. 

Tbe nutritive value of a diet depends mainly on the amount i 
carbon and nitrogen it contains in a readily digestible form. A ma 
doing a moderate amount of work, and taking an ordinary diet, wj 
eliminate, chiefly from the lungs in tbe form of carbonic acid, 
250 to 280 grammes of carbon per diem. During the same time he wi 
eliminate, chiefly in the form of urea in the urine, about 1 5 to 18 grammi 
of nitrogen. These substanceB are derived from tbe food, and 
the metabolisn) of the tissues ; various forms of energy, work k 
heat being the chief, are simultaneously bberated. L)iiring muBOUJ 
exercise the output of carbon greatly increases ; the increased eioreti 
of nitrogen is insigniiacant. Taking, then, the state of model 
exercise, it is necessary that tbe waste of the tissues should be re| 
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by fresh material in the form of food ; and the proportion of carbon to 
nitrogen should be the same as in the excretions: 250 to 15, or 16-6 
to 1. The proportion of carbon to nitrogen in protein ie, however, 53 
to 15, or 3-5 to 1. The extra supply of carbon comes from non-nitro- 
genouB foods — viz. fat and carbohydrate. 
Voit gives the following daily diet :— 

Protein 120 grammes. 

Fat 100 

Carbohydrate 333 „ 
Ranke's diet closely resembles Voit's ; it ia — 

Protein 100 grammes. 

Fat 100 

Carbohydrate 250 „ 
In preparing diet tables, such adequate diets as those just given 
should be borne in mind. The following dietary (from G. N. Stewart) 
will be seen to be rather more liberal, but may be taken as fairly 
typical of what is usually consumed by an adult man in the twenty- 
four hours, doing an ordinary amount of work. 



Food-stuff. 








Grammes of 




Quantity. 
















Nitro- 
gen. 


Car- 
bon. 


Pro. 


Fats. 


Carbo- 
hydrates. 


Salts. 




Metric 


English 












system. 


weights. 














Lean meat . 


260 grammes 










N-h 





i 


Bread . 




18 „ ' e 


112 




7 -ft 


245 


6-6 


Milk . 


500 


S pint ' 3 


;if. 


20 


■Mi 


25 


3 '5 


Butter . 


-30 




•Ml 










0-5 








•m 





.11) 










4B0 


16 „ . 1-6 


47 


10 


1) 


65 


46 


Oatmeal 


75 


8 „ 1-7 


so 


10] . 


*8 


2 






20-2 1 289 


185 'S7 


413 


21 



For a certain time at any rate, a man will maintain his weight and 
health on diets even scantier thdn those of Voit and Ranke. The most 
convincing of these experiments have been performed by Chittenden 
upon himself and others. Chittenden urges that the normal diet 
should contain only about half the customary quantity of protein. 
The body certainly does not assimilate the larger amount usually taken. 
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for the greater part of the nitrogeaous constituenta is converted into 
amino-acida, which are rapidly transformed by the liver into urea and 
cast out of the body, leaving the non-nitrogenous remainder to be 
utilised in the same way as fata and carbohydrates are, for the pro- 
duction of heat and energy. Although Chittenden's views have not 
met with general acceptance, hie work will bring home to many people 
that temperance is necessary in food as well as in drink. The majority 
of well-to-do people certainly eat an eiceaa of meat, and so throw an 
unnecessary strain upon their digestive and excretory organH. One 
should hesitate, however, in accepting Chittenden's conclusions to the 
full, for it is doubtful if the minim-wm is also the optitawni diet. It 
may be that there is a real need for an excess of protein beyond the 
apparent minimum. In diamond mining a lai^e quantity of earth 
must be crushed to obtain the precious stones. It may be that among 
the many cleavage products of protein the majority may be compared 
to this waste earth, and we get rid of them as quickly as possible in the 
excretions, but some few may be unusually precious for protein synthesis 
in the body, and that, in order to get an adequate supply of these, a 
comparatively large amount of protein must be ingested. 

Recent research has shown that there is something else in an 
adequate diet which is necessary, especially during the time of growth. 
These unknown constituents (vitamines) will be discussed in the 
conoluding section of this chapter. 

MTTrK 

MiUc is often spoken of as a " perfect food," and it is so for infanta. 
For those who are older it is so voluminous that unpleasantly large 
quantities of it would have to be taken in the course of the day to 
ensure the proper supply of nitrogen and carbon. Moreover, for adulta 
it is relatively too rich in protein and fat. It also contains too little 
iron (Bunge) ; hence children weaned late become antemic. 

The microscope reveals that it consists of two parts : a clear fluid and 
a number of minute particles that float in it. These consist of minute 
tat globules, varying in diameter from 00015 to 0'005 millimetre. 

The milk secreted during the first few days of lactation is called 
e(dQ»trum.. It contains very little easeinogen, but large quantities of 
globulin instead. Microscopically, cells from the acini of the mammary 
gland are seen, which contain fat globules in their interior : they are 
called colostrum corpuscles. 

Beactlon and Specific Oravity. — The reaction of fresh cow's milk and 
of human milk is amphoteric towards litmus. This is due to the presence 
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of both acid and alkaKne aalts ; the latter are usually in excess. Milk 
readily turns acid or sour as the result of fermentative change, part 
of its lactose heing transformed into laotic acid {see p. 28). The 
specific gravity of milk ia usually ascertained with the hydrometer. 
That of normal cow's milk varies from 1028 to 1034, When the milk 
is skimmed the specific gi-avity rises, owing to the removal of the 
light constituent, the fat, to 1033 to 1037. In all cases the specific 




e 



pale c«l)i devoid' oi 
in. (HeidanhHin.) 



gravity of water, with which other substances are compared, is taken 
as 1000. 

Composition. — Bunge gives the following table, contrasting the 
milk of woman and cow: — 



,, .w.™. 


Cow. 


Protrins [chiaBy oaseinogan) . 

Butter (fat) 

Lttotoae 

Salta 


Per cent. 
1-7 

S'2 
0-2 


Per cent. 
3-7 
07 



w'e milk, it will be necessary to dilute 
earn to make it approximately equal to 



Hence, in feeding infanta on cc 
it, and add sugar and a little a 
natural homan milk. 

The Proteina of Milk. — The principal protein in milk is called 
autinogen. : this ia the one which is coagulated by rennet to form caieirt. 
Cheese consists of casein with the entangled fat. The other protein in 
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milk is an albumin. It is present in small quantities only ; it differs in 
some of its prrtperties (specific rotation, coagulation t«mperature, and 
sohibiJities) from serum-albTimiE ; it is called lact-alhut 

Tile Coagulation of Milk. — Bennet is the agent usually employed 
for this purpose ; it is an euKyme secreted by the stomach, especially 
by sucking animals, and is generally obtained from the calf. 

The eard consists of the casein and entangled fat : the liquid 
residue called whey contains the sugar, salts, and albumin of the milk. 
There is also a small quantity of a new protein called whey-protein, 
which diSers from caseinogen by not being convertible into i 
It is produced by the decomposition of the caseinogen molecule during 
the process of curdling. 

Caseinogen itself may be precipitated by acids such aa aoetiQ 
acid, or by saturation with neutral salts. This, however, is not 
coagulation, but precipitation. The precipitate may be collected 
and dissolved in lime water ; the addition of rennet then produces 
coagulation iu this solution, provided that a sufficient amount 
calcium salts is present. 

In milk also, rennet produces coagulation, provided that a sufficient. 
amount of calcium salts is present. If the calcium salts areprooi|a- 
tated by the addition of potassium oxalate, rennet causes no formatioB 
of oaseiu. The process of curdling in milk is a double c 
first action due to rennet is to produce a change i 
second action is that of the calciiun salt, which precipitates the altered 
caseinogen as casein. In blood also calcium salts are necessary for 
coagulation ; but there they act in a different way, namely, : 
production of fibrin-ferment (see CoAOTji.iTioN of Blood). 

Caseinogen is not coagulable by heat. We have already classed it 
with vitelliu as a phospho-protein (see p. 61). 



was originally pointed out by Hammaraten, is a. protein 
with acid properties : it is quite insoluble in water, but it forms solnble M 
with such metallic buses na potaasium, sodium, and calcium. The CBaein- 
ogeu as it exists in milk is combined with calcium as calcium Coseinogenata, 
When acetic acid is added to milk, we therefore get calcium acetate, adA a 
precipitate of free caaeinogen. On " dissolving " this caueinogen in an alkali 
such as soda or potaah, we have tlie 'formation of sodium coaeinogenate or 
potassium cBseiuogenate, as the case may be. The precipitate obtained i| 
niilW by the addition of alcohol, or by " salting out," is not free caseinogen, botl 
calcium caseinogeuate. Klieu we add pota^um OKalat« to mUk, we get tl 
reaction represented in the following equation : — Calcium caBoinogenate+ 1 
potassium oxalate^ calcium oxaifite+ potassium, caseinogeuate. When w»l 
add calcium chloride to oxalated milk, the following equation represente wii«t I 
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OOOUTB L — Potas siam caaeinORe nate -|- calcium nhloride = calcium caseinogenate 

Colciuin caseinogenate forms an opalescent or colloidal solution in water, 
and reacts with the rennet enzyme. The caMinogenatea of magnesium, 
barium, and strontium have similar characters. The caaeinogenates of 
potassium, sodium, and amraoniuni differ from the above by forming a nearly 
clear solution in water, and they do not react with the rennet enzyme (W. A. 
Osborne). 

Tlie Fats of Milk. — The chemical composition of the fat of milk 
(butter) is very like that of adipose tissue. It consists chiefly of 
palmitio, stearin, and olein. There are, however, smaller quantities of 
fats derived from fatty acids lower in the aeries, especially butyrin and 
caproin. The old statement that each fat globule is surrounded by a 
film of protein ia, acconling to Ramsden's recent work, correct. Milk 
also coutains small quantities of lipoids, oamely, lecithin aud cholesterol ; 
and a yellow fatty pigment or lipochrome. 

Milk Sugar ot Lactose. — This is a disaccharide (CigUg^O^j). Its 
properties liave already been described in Lesson III, p. 28. 

Souring of Milk. — When milk is allowed to stand, tlie chief change 
which it is apt to undergo ia a conversion ot a part of its lactose into 
lactic acid. This is due to the action of micro-organisms, and would 
not occur it the milk were contanied in cold Bteriliaed vessels. Equa- 
tions showing the change produced are given on p. 28. When aouriug 
occurs, the acid which is formed precipitates a portion of the caseinogen. 
This must not be confounded with the formation of casein from casein- 
ogen which is produced by rennet. There are, however, some bacterial 
growths which produce true coagulation hke rennet 

Alcoliolic Fermentation in Milk. — When yeast is added to milk, 
the sugar does not readily undergo the alcoholic fermentation. Other 
somewhat similar fungoid growths are, however, able to produce the 
change, as in the preparation of koumiss ; the milk sugar is first inverted, 
that is, glucose and galactose are formed from it (see p. 2(*), and it is 
from these sugars that alcohol and carbonic acid originate. 

The Salts of Milk.— The chief salt present is calcium phosphate; 
a small quantity of magnesium phosphate is also present. The other 
salts are chiefly chlorides of sodium and potaHsium. 

Differences between different Milks. — It is an undoubted fact that 
the milk provided by nature for the growing off'spring is diff'erent in the 
various classes of the animal kingdom. The quantitative variations are 
often enormous, and it has been shown that the milk best adapted for 
the nutrition of the young animal is that which comes fi-om its mother, 
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or, at least, from an animal of the Bame Bpeciea. The practical applica- 
tion of this rule comes home most to us when dealing with the feeding 
of children, and it is universally acknowledged that, alter all, cows' milk 
is but a poor substitute for human milk. Cows' milk is, of course, 
diluted, and sugar and cream added, so as to make it quantitetively 
like mothers' milk, but even then the question arises whether the 
essential difference between the two kinds of milk is not deeper than 
one of mere quantity ; and, in particular, the pendulum of scientific 
opinion has swung backwards and forwards in relation to the question 
whether the principal protein, called caseinogen in both, is really 
identical in the two oases. The caseinogen of human milk curdles in 
small flocculi in the stomach, so contrasting with the heavy curd which 
cows' milk forms; and even although the curdling of cows' milk be 
made to occur in smaller fragments by mixing the milk with barley 
water or lime water, its digestion proceeds with comparative slowness 
in the child's alimentary canal. These are practical pointe well known 
to every clinical observer, and in the past they have been attributed, 
not so much to fundamental difTerences in the caseinogen itself, as to 
accidental concomitant factors; the eiceas of citric acid in human 
milk, for instance, or its paucity in calcium salts, having been held 
responsible for the differences observed in the physical condition of the 
curd and in its digestibility. 

This question is far from settled even to-day, but there are some 
data now available that point to a qualitative difference between 
caseinogens. Some of these depend on the application of the " biological 
test " carried out on the line of immunity esperiments, which has been 
so signally successful in the distinction between the blood-proteina of 
different species of animals (see Lesson IX). The difTerences, however, 
which lead to the formation of specific precipitins are so slight, that 
ordinary chemical methods of analysis are, at present, unable to 
reveal them. But, in the case of milk, there are differences which the 
chemist can detect. One cannot lay much stress on mere percentage 
composition, although differences have been noted in that, because we 
have no guarantee that the protein? investigated were separated from 
all impurities ; there are also small difTerences in the percentage of 
mono-amino-acids obtained after hydrolysis, but the present methods of 
estimating these with accuracy leave much to be desired. A deeper 
chemical distinction noted is contained in the recent work of Bienenfeld, 
who finds that human caseinogen contains a carbohydrate complex 
which is absent from that of the cow. 

A few years ago it was stated that human caseinogen will not 
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curdle with rennet; but this has been shown to be a mistake. The 
oonditions of rennet curdJing are somewhat different in the two kinds 
of milk we are considering, but provided the reaction in the etoutach 
is acid, human milk ia curdled by rennet when acted on by gastric 
juice. 

EOOS 

In this country the eggs of hens and ducks are those particularly 
selected as foods. The shell is made of calcareous matter, especially 
calcium carbonate. The white is composed of a richly albuminous 
fluid enclosed in a network of firmer and more fibrous material. The 
amount of solids is 1.3-3 per cent, : ot this 12-2 is protein in nature. 
The proteins are albumin, with smaller quantities of egg-globulin and 
ovo-mucoid (p. 62). The remainder ia made up of sugar (0-5 per cent.), 
traces of fats, lecithin and cholesterol, and 0'6 per cent, of inorganic 
salts. The yolk ia rich in food materials for the development of the 
future embryo. In it there are two varieties of yolk-apheniies, one 
kind yellow and opaque (due to admixture with fat and a yellow 
lipochrome), and the otber smaller, transparent and abnost colourless : 
these are protein in nature, consisting of the phospho-protein called 
viUllin (p. 61). Lecithin, cholesterol, small quantities of sugar, and 
inorganic salts are also present. 

The nutritive value of eggs is high, as they are so readily digestible ; 
but the more an egg is cooked the more insoluble do its protein 
constituents beoome, 

MEAT 

This is composed of the muscular and connective (including adipose) 
t^sues of certain animals. The flesh of some animals is not eaten ; 
in some cases this is a matter of fashion ; some flesh, tike that of the 
carnivora, is stated to have an unpleasant taste ; and in other cases 
{e.g. the horse) it is more lucrative to use the animal as a beast of 
burden. 

Meat is the most concentrated and moat easily assimilable of 
nitrogenous foods. It is our chief source of nitrogen. Its chief solid 
constituent is protein, and the principal protein is myosin. In addition 
to the extractives and salts contained in muscle, there is always a certain 
percentage of fat, even though all visible adipose tissue 'is dissected off. 
The fat^ells are placed between the muscular fibres, and the amount 
of fat so situated varies in different animala. It ia particularly abun- 
dant in pork ; hence the indigestibility of this form of flesh ; the fat 
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prevents the gastric juice from obtaining ready aocees to the muscular 
fibres. 

The following table gives the chief substances in some of the 
principal meats used as food : — 



Constituents. 


Oi. 


Clf. 


Pig- 


Hone. 
74-3 


Fowl. 

70-8 


PilM. 

79-8 


W.ter 


70-7 


76 -B 


72'fl 


Solid. 


28-3 


24-4 


27-4 


aei 


29 '2 


20-7 


Prot«inii, iucludiDR gelatin 


20-0 


lB-4 


IB '9 


21-8 


22-7 


18-8 




1-E 




9-2 








Carbohvdrate . 


o-a 


0-8 


0-8 


0-6 


18 


0-B 








11 


1-0 


1-1 





The large percentage of water in meat should be particularly noted ; 
if a man wished to take hia daily quantity of 100 grammes of protein 
entirely in the form of meat, it would be neceaaary for him to consume 
about 500 grammes (i.e. a little more than 1 lb.) of meat pa- diem. 

FLOUB 

The best wheat flour ia made from the interior oE wheat grains, 
and containa the greater proportion of the starch of the grain and 
most of the protein. Whole flour ia made from the whole grain minut 
the husk, and thus containa, not only the white interior, but also the 
" germ " or embyro plant, and the harder and browner outer portion 
of the grain. This outer region contains a somewhat larger proportion 
of the proteins of the grain. Whole flour contains 1 to 2 per cent. 
more protein than the best white flour, but it has the disadvantage of 
being less readily digested. Brown flour contains a certain amount of 
bran in addition ; it is still less digestible, but is useful as a mild 
laiative, the insoluble cellulose mechanicaUy irritating the intestinal 
canal as it passes along. 

The best flour contains vury little sugar. The presence of sugar 
indicates that germination has commenced in the grains. In the 
manufacture of malt from barley this is purposely allowed to go on. 

When mixed with water, wheat flour forms a sticky adhesive mass 
called dough. This is due to the formation of gluten, and the forms 
of grain poor in gluten cannot be made into dough (oats, rice, ete.). 
Gluten does not esist in the flour as such, but is formed on the addition 
of water from the pre-existing soluble proteins in the flour. It is a 
mixture of the two proteins gliadiu and gluteuin (see p. 67)< 
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Wheat 


BarUy. 


Oata. 


BiM. 


Lentil*. 


Peas. 

14-8 


PototoeB. 


Wftter . 


13-fl 


18-8 


12-4 


13 1 


12-5 


7fl-0 


I'TObdn . 


13-4 


11 1 


10-4 


7 '9 


24-8 


23-7 


2-0 


Fit. . . . 


1-4 


2-2 


B-2 


0-9 


1-9 


1-B 


0-2 


StMeh . 


67-9 


61-9 


67-8 


76 '5 


54 8 


49-3 






2'E 


6-3 


11'2 


oe 


3 -a 






Mineral B>1u . 


1-8 


2-7 


3-0 


1-0 


2-4 


3-1 


1-0 



We see from this table — 

1. The great quantity of starch always present. 

2. The small quantity of fat ; that bread is generally eaten with 
butter is a popular recognition of this fact. 

Protein, except in potatoes, is pretty abundant, and especially so 
in the pulses (lentils, peas, etc.). The protein in the pulses ia not 
gluten, but consists mainly of globulins. 

In the mineral matters in vegetables, salts of potassiiim and 
magnesium are, aa a rule, more abundant than those of sodium and 
calcium. 

BREAD 

Bread is made by cooking the dough of wheat flour miied with 
yeast, salt, and flavouring materials. An enzyme ici the flour acts at 
the commencement of the process when the temperature is kept a 
little over that of the body, and forma dextrin and sugar from the 
starch, and then the alcoholic fermentation, due to the action of the 
yeaat, begins. The bubbles of carbonic acid, l)urrowing passages 
through the bread, make it light and spongy. This enables the diges- 
tive juices subsequently to soak into it readily and aff'cct all parts of it. 
During baking the gas and alcohol are expelled from the bread, the 
yeast is killed, and a crust forms from the drying of the outer portions 
of the loaf. 

White bread contains, in 100 parts, 7 to 10 of protein, 55 of carbo- 
hydrate, 1 of fat, 2 of salts, and the rest water. 

cooKma OF food 

The cooking of foods is a development of civilisation, and much 
relating to this subject is a matter of education and taste rather than 
of physiological necessity. Cooking, however, serves many useful 
ends; — 
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1. It destroys all parasites and daoger of infection. This relates, 
not only to bacterial growths, but also to larger parasites, such as 
tapeworms and trichinee. 

2. In the case of vegetable foods it breaks up the starch grains, 
bursting the cellulose and allowing the digestive juices to come into 
contact with granulosa, 

3. Id tho case of animal foods it converts the inaoluble collagen 
of the universally distributed connective tissues into the soluble 
gelatin. The loosening of the fibres is assbted by the formation of 
steam between them. By thus loosening the binding material, the 
more important elements of the food, such as mnscular fibres, are 
rendered accessible to the gastric and other juices. Meat before it is 
cooked ia generally kept a certain length of time to allow r^or mbrtit 
to poaa ofT. 

Of the two chief methods of cooking, roasting and boiling, the 
former is the more economical, as by its means the meat is first sui^ 
rounded with a coat of coagulated protein on its ext«rior, which keeps 
in the juices to a great extent, letting little else escape but the dripping 
(fat). Whereas in boiling, unless bouillon and bouilli are used, there is 
considerable waste. Cooking, especially boiling, renders the proteins 
more insoluble than they are in the raw state, but this is counterbalanced 
by the other advantages that cooking passeases. 

Bdof Tea. — In making beef tea and similar extracts of meat it is 
necessary that the meat should be placed in cold water, and this is 
gradually and carefully warmed. In cooking a joint it is usual to 
put the meat into boiling water at once, so that the outer part is 
coagulated, and the loss of material minimised. 

An extremely important point in this connection is that beef tea 
and similar meat extracts should not be regarded as foods. They 
are valuable as pleasant stimulating drinks for invalids, but they 
contain very little of the nutritive material of the meat, their chief 
constituents, next to water, being the salts and extractives (creatine, 
hypoxanthine, lactic acid, etc.), of flesh. 

Many invalids restricted to a liquid diet get tired of milk, and 
imagine that they get KiifRcient nutriment by taking beef tea instead. 
It is very important that this erroneous idea should be corrected. One 
of the greatest difBculties that a physician has to deal with in these 
cases is the distaste which many adulta evince for milk. It is eBsenti&l 
that this should be obviated as far as possible by preparing the milk in 
different ways to avoid monotony. Some can take koumiss; but a Isea 
expensive variation may be introduced in the shape of junkets, which, 
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although well known in the Weat of England, are comparatively un- 
known in other parts. The preparation of a junket consistB of addiog 
to warm milk in a bowl or diah a small quantity of rennet (Clark's 
essence is very good for this purpose) and flayouring material according 
to taste. The mixture is then put aside, and in a short time the milk 
sets into a jelly (coagulation of casein), which may then be served with 
or without cream. 

Soup contains the extractives of meat, a small proportion of the 
proteins, and the principal part of the gelatin. The gelatin is usually 
increased by adding bones and fibrous tissue to the stock. It is the 
presence of this substance which causes the soup when cold to gelatinise. 
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these must be placed alcohol, the value of which within 
moderate limits is not as a, food, but as a stimulant ; (xmdimenti 
(mustard, pepper, ginger, curry powder, etc.), which are_ stomachic 
stimulants, the abuse of which is followed by dyspeptic troubles; and 
lea, coffee, cocoa, and similar drinks. These are stimulants chiefly to 
the nervous system : tea, coffee, mate (Paraguay), guarana (Brazil), 
cola nut (Central Africa), bush tea (South Africa), and a few other 
plants used in various countries all owe their chief property to an 
alkaloid called theine or ca/eme (CgHn^^Oj) ; cocoa to the closely 
related alkaloid, theobromine (C-HgNjO^) ; coca tn cocaine. These 
alkaloids are all poisonous, and used in excess, even in the form of 
infusions of tea and coffee, produce over-eicitement, loss of digestive 
power, and other disorders well known to physicians. Coffee differs 
from tea in being rich in aromatic matters ; tea contains a bitter 
principle, tannin. To avoid the injurious solution of too much tannin, 
tea should only be allowed to infuse (draw) for a few minutes. Cocoa 
is not only a stimulant, but a food as well : it contains about 50 per 
cent, of fat and 12 per cent, of protein. In cocoa, as manufactured for 
the market, the amount ot fat is reduced to 30 per cent., and the amount 
of protein rises proportionately to about 20 per cent. 

Green vegeiahlet are taken as a palatable adjunct to other foods 
rather than tor their nutritive properties. Their potassium salts are, 
however, abundant. Cabbage, turnips, and asparagus contain 80 to 
92 water, 1 to 2 protein, 2 to 4 carbohydrates, and 1 to 15 collulose 
per cent. The small amount of nutriment in most green foods accounts 
tor the large meals made by and the vast capacity of the alimentary 
canal of herbivorous animals. 

6 
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If an animal La fed upon a mixture of pure protein, tat, and oarbO- 
hydrste, with a due admixture of salts and water, it does not thrive, 
but showB evidence of malnutrition, although the quantities given may 
be theoretically correct. It a growing animal is fed on such a diet it 
ceases to grow. But if, as Hopkins showed recently, a small amount of 
a natural food, such as milk, is mixed with the artificial diet juat referred 
to, the animals thrive and grow normally. There is something estra, 
something which is at present unknown, which is absolutely essential, 
and quite small amounts of it are usually sufficient. 

If this unknown constituent is absent from a man's diet, he under- 
goes juat the same sort of malady, aud illnesses so produced, suoh 
^curvy and Beri-beri, are termed "Deficiency diseases." 

A good deal of work has recently been done in relation to one of 
these diseases, namely, Beri-beri (the Kak-ke of Japan). This is pre- 
valent among the natives whose staple article of diet is polished rio^ 
that is, rice grains deprived of their external layer. This disease is 
characterised by malnutrition of the nerves, and neuritis or inflamma- 
tion of the nerves is followed by nerve-degeue ration and paralysis. It 
can also be produced in birds by feeding them on polished rice; and in 
both man aud bird can be rapidly cured by adding the polishinga of 
the rice grains. The outer layer of the graio contains the eitra some- 
thing, and Funk and others have recently separated out from the 
polishings a base which they have termed vilanihie, although at pieBent 
there is no certainty of its chemical composition. Funk's hypothi 
that the vitamines are derivatives of pyrimidine should be taken with- 
caution. At any rate this base is the curative principle, and very 
doses will cure the condition. 

Vitamine ia not confined to rice grains, but is found in many 
vegetable and animal foods. The value of whole meal bread, fta*: 
I example, does not depend on the small extra amount of protei 

L contains, but probably here also upon a vitamine. The amount of 
vitamine varies considerably. Thus, in pigeons fed upon polished rioBi 
as much as 20 grammes of meat daily must be added to prevent the 
occurrence of Beri-beri ; whereas 3 grammes of egg-yolk are sutfioieii^ 
and half a gramme of yeast is enough. 
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1. The reaction of saliva ia alkaline to litmus paper. 

2. To a little saliva in a test-tube add acetic acid. Mucin is precipi- 
tated in stringy flakes. 

S. Filter ofi the mucin thus precipitated ; the filter will also calch any 
cells which may be present. Apply the xanthoproteic or Hillon's test to 
the filtrate ; the presence of a small amount of protein is shown. 

4. The presence of potassium thiocyanate (ECNS) in saliva may be 
shown by the red colour given by a drop of ferric chloride solution ; this 
colour is discharged by the addition of a drop of mercuric chloride solution. 
The presence and amount of potassium thiocyanate in saliva are, however, 
very inconstant. 

5. Put some 0'5 per-cent. solution of starch into three test-tubes, 
A, B. and C. Add some saliva to B and C ; famtly acidulate C with 
0'2 per-cent. hydrochloric acid ; then place the three tubes in the water- 
bath at 40 C. After five or sis minutes remove the test-tubes and ex- 
amine their contents. The starch to which no saliva was added (tube A) 
wiU be unaltered, and will give a deep blue colour on the addition of a drop 
of iodine solution. The same is true for the acidulated specimen (tube C). 
The contents of test-tube B will give a red-brown colour with iodine owing 
to the presence of erythro-dextrin, and will also contain a reducing sugar 
(maltose), as can be shown by boiling with Fehling's solution. 

6. THE ACHROMIC POINT.— By the action of ptyalin, the starch- 
splitting enzyme of saliva, starch is converted into (1) soluble starch, 
(2) erytbio-dextrin, which gives a red-brown colour with iodine ; (3) 
achrob- dextrin, which gives no colour with iodine ; and (4), finally, 
maltose. In accurate work with amylolytic enzymes, it is usual to 
determine the rate of their action by determining the exact point when 
iodine ceases to give a coloration ; this corresponds to the moment when 
all the erythio- dextrin has disappeared, having been converted into aduoii- 
dextrin and maltose ; this is known as the achromic point. This may 
be determined with saliva in the following way : Rinse out the month 
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thoroughly with warm distilled water ; then collect some saliva, dilute It 
with five times its volume of distilled water and filter. 

Place a number of drops of iodine solution on a white testing slab. 

Then mix 5 c.c. of a 0'5 per-cent. solution of starch with an e([iial 
quantity of the diluted filtered saliva, and place the mixture in the water- 
bath at 40' C. Every half minute or so transfer a drop of the digesting 
mixture with a glass rod to a drop of iodine solution. At first, as long as 
starch is present, the colour struck will be blue ; then as erythro-deztrin 
appears the colour will be violet, owing to the mixture of the blue (dne to 
starch) and of the red (due to erythro-dextrin) ; a little later the colour 
struck will be the red-brown due to the presence of erythro-dextrin ; vrith 
successive drops after this the colour will get fainter and fainter, until 
finally the achromic point is reached. Note the time this has taken 
from the moment when the starch and saliva mixture was placed in the 
warm bath. Compare this time with that obtained by other members of 
the class, and a relative measure of the activity of the saliva of different 
people will in this way be obtained. 

GASTRIC DIGESTION 

1. Half fill four test-tubes - 

A with water ; B with 0*2 per-cent. hydrochloric acid ' ; C with 
0'2-per-cent. hydrochloric acid ; D with solution of white of 
egg (1 to 10 of water). 

2. To A add a few drops of glycerol extract of stomach "- (this contains 
pepsin) and a piece of a solid protein tike fibrin. 

To B also add pepsin solution and a piece of fibrin. 
To C add only a piece of fibrin. 
To D add a few drops of pepsin solution and fill up the tube with 
0'2 per-cent. hydrochloric acid. 

3. Put the tubes into the water-bath at 40 C, and observe them 
carefully. 

In A the fibrin remains unaltered. 

In B it becomes swollen, and gradually dissolves. 

In C it becomes swollen, but does not dissolve. 

These experiments show that neither pepsin nor hydrochloric acid 
alone digest protein, but that both must be present for this purpose. 

After half an hour examine the solution in test-tube B. 

(a) Colour some of the liquid with litmus and neutralise with 
albaii. Acid-meta-protein is precipitated. 

' Made by adding 994 c.c. of water to 8 t.c. of coDiiiiercial concantmtqd 
liydroubloric acid. 

' Bsnger's liijaor pepticua may be used inatead of tlie glycerol extract of 
stoma oil. 
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(b) Take another test-tube, and put into it a diop of 1 per-cent. 
solution of copper sulphate ; empty it out so that the merest trace of 
copper sulphate lemains adherent to the wall of the tube ; then add the 
solution fiom test-tube B and a few drops of strong caustic potash. A 
pink coloui (biuret reaction) is produced. This should be carefully 
compared with the violet tint given by unaltered albumin. 

(c) To a third portion of the fluid in test-tube B add a drop of nitric 
acid ; proteoses oi propeptones are precipitated. This precipitate dis- 
solves on beating and reappears on cooling. 

Repeat these three tests with the digested white of egg in test-tube D. 

4. Examine an artiflcial gastric digestion which has been kept a week. 
Note the absence of putrefactive odour ; in this it contrasts very forcibly 
with an artificial pancreatic digestion under similar conditions. 
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ENZTHES 

The word feimentatlon was first applied to tbe change of sugar 
into alcohol and carbonic acid by means of yeast. The evolution of 
carbouic acid causes frothing and bubbling; hence the term "fermen- 
tation," The agent yeast which produces this used to be called tho 
ferment. Microscopic investigation shows that yeast is composed of 
minute rapidly growing unicellular organisms belonging to the fungus 
group of plants. 

The souring of milk, the transformation of urea into ammonium 
carbonate in decomposing urine, and the formation of vinegar (acetic 
acid) from alcohol are produced by the growth of very similar oi^nisms. 
The eomplei series of changes known as putrefaction, which are accom- 
panied by the formation of malodorous gases, and which are produced 
by the growth of various forms of rapidly multiplying bacteria, also 
come into the same category. 

That the change or fermentation is produced by these organisms is 
shown by the fact that it occurs only when the organisms are present, 
and stops when they are removed or killed by a high temperature or 
by certain substances (carbolic acid, mercuric chloride, etc.) called 
antiseptics. 

The " germ theory " of disease explains the infectious diseases by 
considering that the change in the system is of the nature of fermen- 
tation, and, like the others we have mentioned, produced by microbes ■ 
the transference of the bacteria or their spores from one person to 
another constitutes infection. The poisons produced by the growing 
bacteria appear to be either alkatoidal (ptomaines) or protein in nature. 
The existence of poisonous proteins is a very remarkable thing, as no 
profound chemical ditFerences have yet been shown to exist between 
them and those which are not poisonous, but which are useful as foods. 
Snake venom is an instance of a very virulent poison of protein nature. 
The microscopic appearances of some of the micro-organisma con- 
cerned are shown in the accompanying illustration (fig. 11). 

All these micro-organisms re quire moisture in which to act. They 
a«t best at a temperature of about 40 C. Their activity is stopped, 
but the organisms are not destroy^ed_by.cold ; even after being sub- 
jected to the intense cold of liquid air, they resume activity when once 
more raised to a suitable temperature. The organisms are, however, 
like other living cells, killed b jr to o groat heat. Some micro-organisms 
act without free oxygen ; these are called anderoUc, in contradistinction 
to those that req^uire oxygen and which are therefore called aerobic. 
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Another well-known fact concerning micro-organ iems ia that the 
substances they produce in time put a stop to their activity ; thus in 
the case of yeast, the alcohol produced, and in the case of putrefactive 
bacteria acting on proteins, the phenol, cresol, etc., produced, first atop 
the growth of and ultimately kill the organisms in question. 

For a long time it was uncertain how micro-organisms were able to 




FIO, 11,— Typlesl tomn o 
terlum ; d. luciUin 
■piTillum ; {, iplrulLu 



effect these chemical transformations. It is now, however, definitely 
proved that they do so by producing agents of a chemical nature which 
were formerly called soluble ferments, but are now usually spoken of 
ae enzymes. This was first demonstrated in connection with the invertase 
of yeast cells, and with the enzyme secreted by the micrococcus urese 
which converts urea into ammonium carbonate in putrefying urine. 
For a long time, however, efforts to obtain from yeast cells an enzyme 
capable of bringing about the alcoholic fermentation were unsuccessful, 
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This is because the enzyme does not leave the jeast oella, but acta 
intracellularly. Buchner fioally, by cruahing the yeast cells, succeeded 
in obtaining from them the long-soi^ht enzyme, and he termed it 
iytnoie ■ and since then other enzymes have been obtained from other 
micro-organisms by similar means. 

Enzymes are also fonned by the cells of the higher organisms, both 
in animal and vegetable life; and in animals those which are pro- 
duced by the cells of the digestive glands are those which have \>een 
longest known. Familiar instances of these are ptyaiin, the starch- 
splitting enzyme of saliva, and pepsin, the protein -splitting enzyme 
of gastric juice. The substance upon which the enzyme acts is ap okea 
of as the » ub^taJ£. - 

We may therefore place these essential fact« concerning enzyme 
action in the following tabular way, restricting ourselves for the present 
to those we have already mentioned. 



The Living Cell. 


The EDiyme 
produced. 


The Substrata. 


The Products of Actiou. 


The yeaat cell. 
The salivary cell. 
The gastric cell. 


Zymase. 
Ptyalin. 
Pepsin. 


Gluoose. 
Cooked ataroh. 
Protein. 


Alcohol aod carbon, 

dioxide. "^ 

DeztriuB and malt- 

Proteoses and pap- 



The enzymes concerned in digestion, the study of which we are 
now commencing, fall under the following five principal headings : — 

1. Amylolytic or amjrloclastic — those which convert polysacoharidea 
(starch, glycogen) into sugar with intermediate^deitrins. Examples : 
the diattase of vegetable seeds, the ptyalin of saliva, the am-ylaie of 
pancreatic juice. 

2. InTsrting — those which convert diaaccharides into mono- 
saccharides. Examples ; — 

(a) Invertaie of yeast cells; inverta&e of intestinal juice; these 
convert sucrose into equal parts of glucose and fructose, 

{/i} i/affo^e of intestinal juice; this converts maltose int« glucose,. 

(c) Lactase of intestinal juice; this converts lactose into equal 
parts of glucose and galactose. 

3. Lipolytic or lipoclastic — those which split fats into fatty aoida 
and glycerol. An example, lipate, is found in pancreatic juice. 

4. ProtaolTtic oi protooclastic — those which split proteins iato 
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proteoses, peptones, polypeptides, and finally amino-acids. Examples ; 
the pepsin of gastric, and the trypsiii of pancreatic juice. 

5. Peptolsrtic or peptoclastic -^ those which split proteoses and 
peptones into polypeptides and amino-aoids. The ereptin of intestinal 
juice is an example of these. 

The enzymes in the foregoing list are hydrolytic ; that is, water is 
added to the substrate, which then splits into simpler molecules. This 
is seen in the following examples :~ 

(a) Conversion of cellulose into carbonic acid and methane by the 
enzyme secreted by putrefactive organisms ; — 



ane sugar by invertase ; — 
CijHg^Oii + H„0 = CeHijOe + CgH,jO, 

[iLoroiel [wstifj [glqoQ.o! [tractate] 

In addition to these there are many others which are concerned in 
other processes than those of digestion. Of these we may mention; — 

6. CoagolatiTe enzymes —those which convert soluble into in- 
soluble proteins ; the beat esampie of this class is throtnbm or fibrin- 
fermeiU, which comes into play in blood -coagulation, converting the 
soluble protein in blood-plasma called fibrinogen into fibrin. The 
similar conversion of myosinogen in muscle into myosin during ri^gor 
mi/rtit ifl also possibly due to the activity of an enxyme. Rennet or 
Mnnm found in the gastric juice concerts thesoluble caseiuogenate of 
milE^into casein, and may therefore be included with these enzymes ; 
it comes into uction during t!ie digestion of milk in the stomach. 

7. Intracellular or Autolytic Enzniiea. — Tlieae come into play during 
cell life, and are important in the metabolic or intracellular chemical 
changes which occur in protoplasm : they also may be subdivided into 
proteolytic, peptolytic, lipolytic, etc., according to the substrate upon 
which they act. After death their activity continues, and so they 
produce self-digestion or autolj/sts of the cells in which they are 
situated, if the tissue or organ is kept at an appropriate temperature 
and under aseptic conditions. 

8. Oxidases, which are oiygen carriers and produce oxidation : 
they are mainly found as intracellular enKymes, and are important in 
tissue respiration. 

9. EeductaaeB. —These are the counterpart of the oxidases and 
produce reduction in the tissues. 

10. Deamidases. — These remove the amino-group from amino- 
oompounds. 
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These ten groups do not by any means exhaust the list ; there is 
in the living organism no group of agente as important aa enzymee in 
bringing about the chemical changes necessary for its continued 
metabolism and well-being. We shall come acrdbs many examples of 
enzymic action in our subsequent studies, for instance in the formation 
of urea, of uric acid, etc. etc. 

There are, however, certain considerations of a more general nature 
which we may enumerate here. The first of these is : — 

The Chemical Nature of jffw^ymes.— This is a subject which ia very 
difficult to investigate ; the enzymes are substances that to a great 
extent elude the grasp of the chemist. No one has ever yet been 
successful in obtaining any enzyme in a state of absolute purity; but 
we are perhaps safe in saying that if they are not protein in character, 
they are substances closely allied to the proteins. 

Zymogens . — These are the pa rent substanc es or pre curso rs of the 
enzymes. The granules seen in many secreting cells consist very 
largely of zymogen, which in the act of secretion is oonverted into 
the active enzyme. Thus pepsin is formed from pepeinc^en, trypsin 
from trypsinogen, thrombin from thrombogen or prothrombin, and so 
forth. 

Activation of Emymet. C o-ewiymg g. — Many enzymes contained in 
secretions are in a condition ready for action. In other cases this is 
not so, and their action only occurs after they have been rendered 
energEijc by the presence or action of other substances termed acti- 
vating agents or c p-enz ymes. The modut operandi of the co-enzyme 
appears to- vary in different cases; in some cases the co-enzyme is itself 
an enzyme ; in other cases it is a more or less simple organic substance, . 
or even an inorganic material. Pepsin, for instance, will only act in an 
acid medium, and its most favourable ally is hydrochloric acid; a 
compound of the two substances, pepsin-hydrochloric acid, appears to 
be the effective agent in the proteolysis which occurs in the stomach. 
Trypsin is not present as such in the fresh pancreatic juice; what is 
present is trypsinogen ; this is converted into the active enzyme 
trypsin when it meets the entero-kinase of the succus entericus ; and 
entero-kinase is itself an enzyme, an enzyme of enzymes, as Pawlow 
terms it. Thrombo-kinase is regarded by some aa the activating agent 
for thrombin or fibrin ferment, though here, as also in rennet action, 
the presence of calcium is essential too. Bile salts act as coadjutors in 
the action of pancreatic lipase, phosphates and other phftsphorus-contain- 
ing substances in the action of zymase, and so forth. 

The Specificity of Enzyme Action. — An enzyme which acts upon starch 
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will not act upon protein ; and one which acts upon protein will not 
act upon fat. In some cases the action of an ensijoie is extraorclin- 
urit; limited ; thus there are three separate enzymes to hydrolase the 
three prinoipul disaculiarides, sucrose, lactose, and maltose, neither of 
which will act upon either of the other two sugars in the list. Arginaae 
splits arginine into ornithine and urea, but will act upon no other 
substance. Some of the peptolytic eD?;ymes obtained in extracts of 
tiasiiea and organs will act upon certain poljpeptiilos, resolving them 
into their constituent amino-auidH, whereas others act in a similar way 
on other groups of polypeptides. The " lock and key " simile first 
introduced by Emil Fischer will aid us in u odors tanding this apeciticity 
of action. Each lock must have its special key : so the configuration 
of an enzyme must be related in some way to the configuration 
of the substrate to enable it to enter and unlock its parts from 
one another. 

The Inexhnuitihility of Enii/meg.—A small amount of enzyme will 
act on an unlimited amount of substrate, provided sufficient time is 
given, and provided also the products of action are removed. " A little 
leaven leaveneth the whole lump." This is perhaps analogous to the 
part played by sulphuric acid in the etherifi cation of alcohol (see p. 17). 
The enzyme appears to take a share in intermediate reactiona, and 
there is some evidence that in certain stages it combines with the 
substrate ; but subsequently when the substrate breaks up into simpler 
materials, the enzyme is liberated unchanged, and so ready to similarly 
act on a fresh amount of substrate in which the same series of events is 
repeated. 

Ciitalylic Aelion of Emymet. — The analogy of enzymic action ia, in 
Fact, so close to that of inorganic catalysts, that the view at present 
current regarding it ia that the action is a catalytic one. This is to say, 
the presence of the enzyme induces a chemical reaction to occur rapidly 
which in its alienee also occurs, but so slowly that any action at all is 
difficult to discover. To use the technical phrase, its action is to increase 
the velocity of chemical reactions. It ia, for instance, ijiiite conceivable 
that, if starch and water were mixed together, the starch would in time 
take up the water and split into its constituent molecules of sugar. 
But an action of this kind would be so slow, occupying perchance 
many years, that for practical purposes it does not taite place at all. If 
an inorganic oatalyst is added, such as siUphuriu acid, and the tempera- 
ture raised to boiling point, the action takes place in a few minutes ; 
if an organic catalyst, such as the enzyme ptyalin, is added, the velocity 
of the change ia equally great or even greater, but what is of more 
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importance for the well-being of the animal, a moder&te temperature, 
Damely that of the body, amply BufGces. The organic cataljst« or 
enzymee are, however, colloidal in nature (possibly protein), and this 
eiplaina the points in which they differ from the inorganic catalysts, 
for instance in their destrucibility by high temperatures. 

Jte(Ktion Velocity. — Most of the reactions in inorganic chemistry take 
place between electrolytet, that is substances which are conductors of the 
. electric current. They conduct electricity when they are in solution 
because they are lately broken up into their constituent iona; thus 
sodium chloride is broken up into ions of sodium and ions of chlorine ; 
the sodium ions are called kationa because they ttecome charged with 
positive electricity and move towards the kathode or negative pole ; 
the chlorine ions are called anitynt because they are charged with 
negative electricity and move towards the anode or positive pole. 
Substances which are not ionised in solution are called non^ectrolyttt 
and do not conduct electricity. 

The reactions of inorganic salts, bases, and acids are really reactions 
between ions, and ionic reactions occur at such enormous velocity as to 
be practically instantaneous. Ionic reactions take place between the 
inorganic constituents of living cells, but such reactions occurring as 
they do in a colloidal medium are somewhat slowed down, but even so 
are completed in an immeasurably short time. The most important 
substances (fats, carbohydrates, proteins) in living tissues are, however, 
not electrolytes, and reactions between them are spoken of as moteetdar 
reactiont, and occur so slowly that it is possible to ascertain the rate at 
which they take place. Reaction velocity is defined as the quantity of 
the substance transformed, measured in gramme-molecules per litre, 
which disappears in the unit of time (one minute). When starch is 
transformed into sugar, or protein into amino-acids, there is only one 
substance transformed, and such reactions, which compose the majority 
of the reactions in living cells, are called unimoh(ndar reactiom, or 
reactions of the tirst order. When, for instance, starch is changed into 
sugar by the action of an acid, it is the starch alone which is altered ; 
the acidity undergoes no diminution. Similarly when the change is 
brought about by an enzyme, the starch only is changed ; the enzyme 
is still present in its original quantity. Reaction velocity is thus of 
special importance in a study of the changes produced by enzymes, and 
these are the most frequent of all changes in living structures. 

Since the quantity of the substance acted upon is continually 
diminishing, the velocity of the reaction cannot remain the same 
throughout, but must diminish in a certain ratio. Suppose 20 parta 
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out of 100 are trauBformed in the first minute, there will be only 8 
ing at the commencement of the second minute: — 



iimilarly at the commencement of the third minute we have only G4 
left, 16 having disappeared : — 



In the fourth minute, 12-8 disappears and 51'2 



In order to espreaa this in general terms, we may label the original 
concentration 100 by the symbol Cg, and tor fiO, 64, 51 '2, etc., use the 
terms C,, Oj, Cg, etc. . . . C^ The constant figure in the above example 

I ia J- or 0'2. This may be represented by k. The equations then run ; — 

^^K C, - C^k= Ci, or CJI - A) = C,. 

^^^K Further 0^(1 - k)~C^{l -k)xk=Cj; 

^^■or C,{l-i)^ = C,, 

^^^r Further Co(I-i)° = C,. 

^^B Finally C„(l - <t)' = C,. 

^^ifttliia is plotted out in the form of a curve, we obtain the curve known* 
as ft logarithmic curve. 

In other casea the law is a different one, and we find that the 
reaction velocity is not directly proportional to the quantity of reacting 

I substance, but to the square of this quantity. In all such cases, two 

substances are aimultaneouBly changed in their concentration. Such a 
procesa takes place in the decomposition of esters (compounds of organic 
acids with alcohols), under the influence of an alkali ; here not only is 
the amount of ester becoming less, but the alkali is also used up in 
the formation of salts of the organic acid. Such reactions are called 
hivwlendar reactions, or reactions of the second order. Certain reactions 
in living cells are of this order, hut reactions of higher orders still are 
not as yet known in living cells. 

The O/itimum Teviperature of Enzyme Action. — As the teujperature 
rises the velocity of the action increases until a temperature is reached 
at which the activity of the enzyme is greatest. Most enzymes act best 
at 40' C., but there are exceptions to this rule ; malt diastase, for 
instance, acts best at 60' C. Beyond the optimum temperature a 
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further rise inhibits activity, until a point is reached when the eneyme 
is destroyed. The auHceptibility of enzymes to the influenc« of a high 
temperature is a striking piece of evidence in favour of the view that 
these agents are protein-like in nature. The fatal temperature is as a 
rule in the neighbourhood of 50° C. 

The effect of a rise of temperature is thus complicated by being of 
a twofold nature. In the first place, and between certain limits, a rule 
known as the law of Arrhenius is followed : that is a rise of 10° C. 
doubles or more than doubles the velocity of the action of the enzyme, 
as it does other chemical reactions. But as the temperature rises, 
the velocity of the disintegration of the enzyme increases also. The 
optimum temperature will therefore be one at which the accelerating 
effect is strong enough to finish the reaction quickly, and the retarding 
effect due to destruction of the enzyme is not so great as to paralyse the 
accelerating effect. 

Reversibility of Enzyme Action. — We have just seen that the 
majority of enzymic actions are unimolecular, and that the law followed 
is the simple logarithmic law. 

But in these reactions we usually meet with the peculiarity that 
it is not completed when the reaction ceases, A certain quantity 
of the substrate never disappears. Thus a small amount of sucrose 
remains unchanged whether the hydrolysis Is brought about by the 
action of an acid or of an enzyme. This phenomenon is due to the tact 
that two reactions are always taking place in opposite directions. 
Simultaneously with the splitting up, the synthetical reaction begins, 
and synthesis or building up increases in proportion as the splitting of 
the compound advances. The velocity of the splitting process decreases 
at the same rate as the velocity of the synthetic process increases. At 
a certain point, both have the same velocity, and therefore no further 
change occurs in the mixture when this condition of equilibrium is 
reached. This rule is expressed by writing the chemical equation 
connected by a double arrow instead of the sign of equation. Two 
examples follow ;^ 

C^H, . OH + CH3 . COOH^CjH. . COO . CH_ + H.O 

I Behif alcohol] lAcctlc icidi [Ethyl BceUte] (Wal«] 

C«H,^Og + CgH.jOa^CijH^jO,. + H„0 

[Gluooiel (FracioseJ (SuoroiBl (Water] 

This phenomenon is termed " reverdbility" and was first demon- 
strated by Croft Hill in his esperiments with sucrose and invertase. 

Tn intracellular action this is a factor of importance, for the same 
enzyme can in the presence of different proportions of the substrate and 
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products both tie {in anaboliam) and untie (in katabolism) 
the knot. 

It ehould further be noted that faydrolytic actions are itotherTnic ; 
that is, the total energy of the products is equal to that of the 
substance broken up. 

The simple logarithmic law of enzyme action has been demonatrated 
for the majority of enzymes (im-ertaae, trypsin, erepsin, lipase, etc.). 
The effect in a given time is directly proportional to the quantity of 
enzyme present. But there is an esception to this rule in the case of 
pepsin, as was first pointed out by Schiitz in 1885. He found that 
peptic activity \& proportional to the square root of the amount of 
pepsin present. Thus if a certain quantity of pepsin produced an 
amount of digestive action which we will call a, in order to produce a 
digestive action equal to 'la in the same time, it would be netessary to 
employ four times the aoaount of pepsin ; and in order to produce a 
digestive action equal to 3(i, it would be necessary to use nine times 
the anuJunt of pepsin. This rule (Schiitz's law) has been often con- 
firmed, and a few years ago Arrbenius explained it on mathematical 

Anti-tmymes.—'iA.aMj chemical substances, such as strong acids and 
alkalis, alcohol, formaldehyde, iodine, potassium oyanide, and salts of 
the heavy metals, hinder enzyme activity. But the term anti-enzyme 
is generally limited to substances produced in the metabolism of living 
organisms. Excess of these organic anti-enzymes can lie readily pro- 
duced by injecting an enzyme into the blood-atream of an animal. 
This stimulates the production of an anti-enzyme, so that when the 
blood-serum is mixed with the original enzyme, its power is inhibited. 
Anti-enzymes are specific, that is, they inhibit the enzyme which was 
injected into the blood, and no other, 

THE SALIVA 

?he secretion of saliva is a reflex action ; the taste or smell of food 
exoitea the nerve-endings of the afferent nerves (glossopharyngeal and 
olfactory) ; the efferent or secretory nerves are contained in the chorda 
tympaai (a branch of the seventh cranial nerve), which supplies the 
submaxillary and sublingual glands, and in a branch of the glosso- 
pharyngeal, which supplies the parotid. The sympathetic branches 
which supply the blood-vessels with constrictor nerves contain in some 
animals secretory fibres also. 

The parotid gland is called a serous or albuminous gland ; before 
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secretioTi the cells of the acioi are ewoUen out with granules ; after 
aecretioo has occurred the cells shrink, owing to the granules having 
been shed out to contribute to the secretion (see fig. 12). 

The aubmaxillarj' and aublingual glands are called mucous glands ; 
their secretion coutains mucin. Mucin is absent from parotid 
saliva. The granules in the cells are larger than those of the parotid 
gland : they are composed of mucinogen, the precursor of mucin 
(see fig. 13). 

In a section of a mucous gland pi-epared in the ordinAry vray the 
mucinogen granuiea are swollen out, and give a highly refracting 
appearance to the mucous acini (see fig. H). 

COMPOSITION OF SALIVA 

On microscopic examination of mixed saliva a few epithelial 
scales from the mouth and salivary corpuscles from the tonsils 
are seen. The liquid is transparent, slightly opalescent, of slimy 
consistency, and may contain lumps of nearly pure mucin. On 
standing it becomes cloudy owing to the precipitation of calcium 
carbonate, the carbonic acid which held it in solution as bicarbonate 



Of the three forms of saliva which contribute to the mixture found 
in the mouth, the sublingual is richest in solids (2*7.5 per cent.). The 
submaxillary saliva comes next (2'1 to 2'5 per cent.). When artificially 
obtained by stimulation of nerves in the dog the saliva obtained by 
stimulation of the sympathetic is richer in solids than that obtained 
by stimulation of the chorda tympani. The parotid saliva is poorest in 
total solids (0'3 to 0'5 per cent,), and contains no mucin. Mised saliva 
contains in man an average of about 5 per cent, of solids : it is alka- 
line in reaction, due to the salts in it ; and has a specific gravity of 
1002 to 1006. 

The solid constituents dissolved in saliva may be classified thus : — 
^^^^ ra. Mucin : this may be precipitated by acetic acid. 

^^^Kakh. I J ^" P'-yf'''^ ■ an amylolytic enzyme. 
^^^K 1 c. Protein : of the nature of a globulin. 

^^^^^ Id Potassium thiocyanate. 

^^^^ re. Sodium chloride : the most abundant salt. 

HaB^ , /. Other salts : sodium carbonate ; calcium phosphate 

Inorganic V , ,^ lu....- 

' and carbonate; magnesium phosphate; potassium 

chloride. 

7 
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THE ACTION OF SALIVA 
The action of saliva is twofold, physical aad chemical. 
The physical use of saliva ccnaiats in moisteDirtg the mucous mem- 
braue of the mouth, assieting the solution of soluble subBtances in the 
food, and in virtue of its mucin lubricating the bolus of food to facilitate 
swallowing. 

The chemical action of saliva is due to its enzyme ptyalin. 
The starch is firat split into erythro-deitrin, which gives a red colour 
with iodine, achroo- dextrin, which giyes no colour with iodine, and 
maltose. Brown and Morris give the following equation ;— 
10(C,H„O5)„ + 4nHjO 
- 4«C,,H^0„ + (C,H,jO,)„ + (C-H,„0,). 

[mdtcMs] IvstuooJIeiinn] [etjtbra-deiCrlDl 

The erythro-dextrin is then converted into achroo-deitrin, and 
finally into maltose. 

Ptyalin acts in a similar way, but more slowly on glycogen : it has 
no action on cellulose; hence it ia inoperative on uncooked starch 
grains, for in these the cellulose layers are intact. 

Ptyalin acta best at about the temperature of the body (35-40°), 
and in a neutral medium ; a small amount of alkali makes but little 
difference ; a very small amount of acid stops its activity. The con- 
version of starch into sugar by saliva in the stomach continues for a 
variable time, for the swallowed masses which fall into the fundus of 
the stomach are not subjected to peristalsis and admixture with gastric 
juice until a later stage in the digestion ; but the admixture of the 
contents of the fundus with the rest of the gastric contents will occur 
more quickly if the person moves about. The hydrochloric acid 
which is poured out by the gastric glands first neutralises the saliva 
and combines with the proteins in the food ; but immediately free 
hydrochloric acid appears the ptyalin is destroyed, so that it does 
not resume work even when the semi-digeated food once more becomee 
alkaline in the duodenum. 

THE SEOBETION OF OASTBIC JUICE 

The juice secreted by the glands in the mucous membrane of the 
stomach variea in composition in the different regions, but the mixed 
juice ia a solution of a proteolytic enzyme pepsin in a saline solution, 
which also contains a little tree hydrocnloric acid. 

The gastric juice can be obtained during the life of an animal by 
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means of a gastric fistula. Gastric fistulss have also been made i 
human beinga, either by accidental injury or by surgical operations. 
The moBt celebrated case is that of Alexis St Martin, a young Canadiai 
who received a maaket wound iu the abdomen in 1822. Observatioi 
made on him by Dr Beaumont formed the starting point for our oorre) 
knowledge of the physiology of the stomach and its secretion. 

We can make artificial gastric juice bj 
mixing weak hydrochloric acid (0'2 to O'^ 
per cent.) with a glycerol or aqueous extrad; 
of the stomach of a recently killed animal. 
This acts like the normal juice. 

Three kinds of glands are distinguished 
in the stomach, which differ from eaeh otheg 
in their position, in the character of tfaeil 
epithelium, and in their secretion. The 
cardiac glands are simple tubular glands' 
(juite close to the cardiac orifiae.. The fumdtM 
fflatids are those situated in the remainder 
of the cardiac half of the stomach : theij 
ducta are short, their tubules long in pro- 
portion. The latter are filled with polyhedral 
cells, only a small lumen being left : they 
are more closely granulnr than the c 
sponding cells in the pyloric glands. They 
are called principal or central cells. Between 
them and the basement membrane of the< 
tubule are other cells which stain readi^' 
with aniline dyes. They are called partial 
or 03:yntic (i.e. acid-forming) cells. The 
pyloric glands, in the pyloric half of the 
stomach, have long ducta and short tubulee 
lined with cubical cells. There are 
parietal cells (see figs. 15 and 16), 

The central cells of the fundus glands and 
the cells of the pyloric glands are loaded with 
granules. During secretion they discharge their granules, those that 
being chiefly situated near the lumen, leaving in each cell a. 
clear outer zone (see fig. 17). These are the cells that secrete the 
pepsin. Like secreting cells generally, they select certain material! 
from the lymph that bathes them : these materials are worked m^ 
by the protoplasmic activity of the cells into the secretion, which it 
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then discharged into the Lumen of the gland. The most important 
Bubstance in a digestive secretion is the enzyme. In the case of a 
gastric juice this is pepsin. We cao trace an intermediate step in 
this prooeaa by the presence of the granules. The granules are not, 
however, composed of pepsin, but of a mother-substance, which is 
readily converted into pepsin. We shall findasimikr enzyme precursor 
in the cells of the pancreas, and the term zymogen is applied to these 
enzyme precursors. The ifymogen in the gastric celts is called 
pepsinogen. The rennin that causes the curdling of milk is formed 
by the same cells. 

The parietal cells are also called oxyntic cells, because they secrete 
the hydrochloric acid of the juice. Heidenhain succeeded in making 
in one dog a cul-de-sae of the fundiia, in another of the pyloric region 
of the stomach ; the former secreted a juice containing both acid and 
pepsin ; tiie latter, parietal cells being absent, secreted a viscid alkaline 
juice containing pepsin. The formation of a free acid from the alkahne 
blood and lymph is an important but puzzling problem. There is no 
doubt that it is formed from the chlorides of the blood and lymph, and 
of the chemical theories advanced aa to how this is done, Maly's is the 
moat satisfactory. He considers that the acid originates by the inter- 
action of sodium chloride and sodium dihydroger 
shown in the following equation : — 



i dmived 



NaH„PO. + NaOl = NajHPO, + HCl 

lEodlumdl- (Mulium Idlsodium |hydto. 
hydro;feii chloride] hydro^ffiD ohiorld 
phoaphate] phosphate] acid] 



sodium dihydrogen phosphate in the above equation is probably 
derived from the interaction of the diaodium hydrogen phosphate and 
the carbonic acid of the blood, thus : — 

Na^HPO^ + CO., + HjO - NaHCOj + NaHjPO,. 
Other theories have tried to explain the formation of such a strong 
acid as hydrochloric by the law of "niaas action." We know that by 
the action of large quantities of carbonic acid on salts of the mineral 
acids the latter may be liberated ua small quantities. We know, 
further, that small quantities of acid ions may be continually formed 
in the organism by ionisation. But in every case we can only make 
use of these explanations if we assume that the small quantities of 
aoid are carried away aa soon as they are formed, and thus give room 
for the formation of fresh acid. Even then it is impossible to explain 
the whole process. A specific action of the cells is no doubt exerted, 
for these reactions can hardly be considered to oecm- in the blood 
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generally, but rather in the oxyntic cells, which poBBeas the neoesBary 
selective powers in reference to the constituenta of the blood, and the 
hydrochloric acid, as soon as it is formed, passes into the secretion of 
the gland in consequence of its high power of diffusion. 

COMFOSITIOH OF OASTBIC JUICE 

The following table gives the percentage composition of the gastric 
juice of man and dog : — 



CDDBtituents. 


Hnman. 


Dog. 


Water 

CaCI, 

NaCI 

KCl 

NH.Ol 

I^[ : : : [ 


OS-i 
0-20 
0-008 
0-li 
0-06 

I- 0-01 


B7-S0 
1-71 
0-60 
0-06 
0-26 
0-11 
0-OE 
017 
0-02 
0-OOS 



In the foregoing table one also aees the great preponderance of 
chlorides over other salts : apportioning the total chlorine to the 
varioua metals present, that which remains over must be combined 
with hydrogen to form the free hydrochloric acid of the juice. The 
freshly secreted juice contains about 0'5 per cent, of the acid (as 
shown in the analysis of dog's gastric juice in the table). When the 
juice remains in. the stomach this is in part neutralised by the food 
and saliva, and also by pancreatic juice which enters the stomach from 
the duodenum, so that the ultimate percentage is only 0*2. 

Pepsin stands apart from nearly all other enzymes by requiring 
an acid medium in oi-der that it may act. A compound of the two 
substances called pepsin-hydrochloric acid is the really active agent. 
Other acids may take the place of hydrochloric acid, but none act 
so well. Lactic acid is often found in gastric juice ; this, however, is 
derived by fermentative processes from the food. 

Pawlow has shown that in dogs the secretory fibres for the gastric 
glands are contained in the vagus nerves. 

By an ingenious surgical operation be succeeded in separating off 
from the stomach a diverticulum which pours its secretion through an 
opening in the abdominal wall. This small stomach was found to act 
in every way like the main stomach of the animal. The pure juice 
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BO obtained is clear and coloutlesa: it has a specific gravity of 1003 
to 1006, It ia feebly dextro-rotatory, aod gives some of the protein 
reactions. It coiitaius from 0'4 to 0-6 per cent, of hydrochloric acid. 
It is strongly proteolytic, and inverts cane sugar. When cooled to 
0° C. it deposits! a fine precipitate of pepsin : this settiea in layers, 
and the layers i^rst deposited contain moat of the acid, irhich is 
loosely combined with and carried down by the pepsin. Pepain ia 
also precipitable by saturation with ammonium sulphate (Kiihne). 

The juice ia moat abundant in the early perioda of digestion, but 
it continues to be secreted in declining quantity aa long aa any food 
remains to be dealt with. When there is no food given there ia no 
juice. But sham feeding with meat will cause it to flow. 

The larger the proportion of protein in the diet, the more abundant 
and active is the juice secreted, provided the animal is hungry; the 
psychical element ia important. 
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THE ACTIONS OF GASTKIC JUICE 

iGastrio juice haa the following five actions : — 

It is antiseptic, owing to the hydrochloric acid present ; putre- 

;tive procesaea do not normally occur in the stomach, and the micro- 
oi^aniams which produce such procesaea, many of which are awallowed 
with the food, are in great measure destroyed, and thus the body is 
protected from them. 

2. It inverts sucrose into glucose and fructose. This alao ia 
due to the acid of the juice, and ia frequently aaaiated by inverting 
ferments contained in the vegetable food swallowed. The juice has 
□0 action on starch. 

3. It contains lipase, or a fat-splitting ferment. The protein 
envelopes of the fat cells are first diaaolved by the pepsin-hydrochloric 
acid, and the solid fata are melted. They are then split in small 
meaaure into their conatituents, glycerol and fatty acids. This action 
ia mainly produced by a regui^itation of the oontenta of the duodenum 
mixed with pancreatic juice ; but even after the pylorus has been 
ligatured and regiii^itation prevented, the gastric juice itself produces 
a small amount of fat^splitting, and therefore contains lipase. It ia a 
remarkable fact that the administration of fat in the food increases the 
regurgitation from the duodenum. 

i. It curdles milk. Thia ia due to the action of the rennet enzyme 
or rennin. The conditions of this action we have already discussed 
under Milk (see p, 74); but it may here be added that Pawlow has 
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advanced the view that rennin ia not a distinct and separate enzyme, 
but that milk-curdling is only one of the activities of pepain. This 
hypothesis has been accepted by numerous physiologists ; but, on the 
other hand, there is a number of equally eminent observers who still 
maintain that pepsin and rennin are two separate enzymes. Whichever 
view is correct, the curd of casein formed from tbe caseint^n is 
subsequently digested as other proteins are. 

5. It is proteolTtic ; this is the most important action of all. The 
proteins of the food are converted by the pepsin-hydrochloric acid into 
peptones. It has been stated that the prolonged action of the juioe 
leads to the further splitting of the peptones into amino-acids, but 
accurate work has shown that pepsin-hydrochlorio acid does not split 
any of the known polypeptides into their ultimate cleavage products. 

This action is a process of hydrolysis ; and peptones may be formed 
by other hydrolysing agencies, such as superheated steam or heating 
with dilute mineral acids. The first stage in the process of hydrolysis 
is that of acid meta-protein ; the nest step is the formation of proteoses. 
The word " proteose " includes the albumoses (from albumin), globulosee 
(from globulin), vitelloses (from vitellin), etc. Similar substances are 
also formed from gelatin (gelatosea) and etastin (elastoses). Then 
peptone (a mixture of polypeptides) is produced. The products of 
digestion of protein m^y be arranged according to the order in which 
they are formed, as follows : — 

1. Acid meta-protein. 

{(a) Proto-proteose 1 The primary proteoses, t.e. 
(b) Hetero-proteose f those which are formed 
i fat. 
(c) Deutero- or secondary 
proteose. 
3. Peptone (Polypeptides). 

1. Acid Meta-protein. — The general properties of the m eta-proteins, 
the first degradation products in the cleavage of the proteins which 
occurs during digestion, are described on p. 66. We shall find later 
that, in pancreatic digestion, an alkali-meta-protein is formed instead 
of the acid modification. The theory has been put forward that a 
protein is capable of playing the part of a base in virtue of its NH, 
groups, and also of an acid in virtue of its COOH groups. 

2. Proteoses. — They are not coagulated by heat; they are pre- 
cipitated but not coagulated by alcohol : like peptone they give the 
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pink biuret reaction. They are precipitated by nitric acid, the pre- 
cipitate bevng toluhle on heating, and reappearing when the liquid cools. 
This last is a distinctive property of proteoses. They are slightly 
difFusible. 

The primary proteoses are precipitated by saturatioo with magnesium 
sulphate or sodium chloride; deutero-proteoee is not; it is, however, 
precipitated by saturation with ammonium sulphate. Pro to- and 
deutero-proteose are soluble in water ; hetero-proteose is not ; it requires 
salt to hold it in solution. • 

3. Peptones. — Thoy are soluble in water, are not coagulated by 
heat, and are not precipitated by nitric acid, copper sulphate, ammo- 
nium sulphate, and a number of other precipitants of proteins. They 
are precipitated but not coagulated by alcohol. They are also precipi- 
tated by tannin, picric acid, potassio-mercuric iodide, phoepho-molybdic 
acid, and phoapho-tungstic acid. 

They giTe the biuret reaction (rooe-red solution with a trace of 
copper sulphate and caustic potash or soda). 

Peptone is readily diffusible through animal membranes. 

The annexed table will give us at a glance the chief characters of 
peptones and proteoses in contrast with those of the native proteins, 
albumins, and globulins. 
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The queetiou haa been often raised why the stomaoli does not digest itseli 
during life. The mere fact that the tissuea ore alkaline and pepsin requires 
an acid medium in which to act is not on explanation, but only opens up & 
fresh difficulty as to why the panoreatio juice which is alkaline does not digest 
the intestinal wall. To say that it is the vital properties of the tissues that 
enable tbem to resist digestion only shelves the difficulty and gives no Teal 
explanation of the meohanism of defence, B«cent studies on the important 
question of immunity (see Lesson IX,) have furnished ns with the key to 
the problem ; just as poisons introduced from without stimulate the oella to 
produce antitoxins, so harmful substances produced within the body are pro- 
vided with anti- substances capable of neatraliung their effects ; for this 
reason the blood does not normally olot within the blood-vessels, and Wcdn- 
land has shown that the gastric epithelium forms an ontipepdn, the intestinal 
epithelium an antitrypsin, and so on. The bodies of pantsitio worms that 
lire in the intestine are particularly rich in these anti'bodiee. 
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1. A 1 pei-cent. solution of sodium carbonate, to which a little 
glycerol extract of pancreas ' has been added, forms a good artificial 
pancreatic fiuid. 

Z. Half fill three test-tubes with this solution. 

A. To this add half its bulk of diluted egg-white (1 in 10). 

B. To this add a piece of fibrin. 

C. Boil this ; cool ; then add fibrin. 

3. Put all into the water-bath at 40° C. After half an hour, test A 
and B for atkali-metaprotein by neutralisation, for proteoses by nitric 
acid, and foi proteoses and peptone by the bioiet reaction. 

4. Note in B that the fibrin does not swell up and dissolve, as in 
gastric digestion, but that it is eaten away from the edges to the interior. 

fi. In C no digestion occois, as enzymes are destroyed by boiling. 
^_ 6. Take a solution of starch, equal quantities in three test-tubes. 
^K D. To this add a few drops of extract of pancreas (without the 

^f sodium carbonate). 

£. To this add a few drops of bile. 

F. To this add both bile and pancreatic extract, 

7. Put these into the water-bath, and test small portions of each every 
half-minnte by the iodine reaction. It disappears first in F ; then in D ; 
while E undergoes no change. Test D and F for maltose by Fehling's 
solution. 

This shows the favourable influence bile exerts on pancreatic digestion. 
It is, however, more marked still in the case of fats. (See 9, below.) 

8. Shake up a few drops of olive oU with artificial pancreatic juice 
(extract of pancreas and sodium carbonate). A milky fluid (emulsion) 
is formed, from which the oil does not readily separate on standing. 

9. Boil ID c.c. of fresh milk ; cool ; colour with an indicator (for 
instance, a few drops of an alcoholic solution of phenolphthalein), and 
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divide it into two parts of 5 c.c. each. To one add a few drops of glycerol 
extiact of pancreas ; to the other, the same amoimt of pancreatic extract 
and a few drops of bile. Put each into the warm bath. In each the pink 
colour disappears as fatty acids are liberated by lipase ; this occurs more 
rapidly in the specimen containing bOe. 

The foregOLDg experiments iUustrate the action that pancreatic juice 
has on all three classes of organic food. 

BILE 

1. Ox bile is given round. Obterve its colour, taste, smell, and 
reaction to litmus paper. 

2. Acidulate a little bile with 20 per-cent. acetic acid. A stringy 
precipitate of a mucinoid substance is obtained. Filter this o& and boU 
the filtrate ; no protein coagulable by heat is present. 

3. Add a few drops of bile to (a) acid-metaprotein prepared as 
described in Lesson V, and to (b) solution of proteoses to which half its 
volume of 0*2 per-cent. hydrochloric acid has been added. A precipitate 
occurs in each case. Bile salts precipitate the unpeptonised protein which 
leaves the stomach. 

4. PETTENKOFER'S TEST FOR BILE SALTS.- To a thin film of 
bile in a capsule add a drop of solution of cane sugar and a drop of con- 
centrated sulphuric acid. A purple colour is produced. This occurs 
more quickly on the application of heat. The test may also be performed 
as follows : — Shake up some bile and cane sugar solution in a test-tube 
until a froth is formed. Pour concentrated sulphuric acid gently down 
the side of the tube : it produces a purple colour in the froth. 

5. GMELm'S TEST FOR BILE PIGMENTS. On to a little fuming 
nitric acid (i.e. nitric acid containing nitrous acid in solution) in a test- 
tube pour gently a little bile. Notice the succession of colours — green, 
blue, red, and yellow — at the junction of the two liauids. This test may 
also be performed in a capsule. Place a drop of fuming nitric acid in the 
middle of a thin film of bile : it becomes surrounded by rings of the 
above-mentioned colours. Huppert's test for bile pigments ia specially 
applicable for their detection in urine, and so is postponed to Lesson Xn. 

r 6. HAY'S TEST FOR BILE SALTS.— Take two beakers full of water ; 

I to one add a few drops of bile, or solution of bUe salts. Sprinkle a little 

i flowers of sulphur on the surface of each. It remains floating on the 

I pure water ; but where bile is present the surface tension of the water is 

I reduced, and the sulphur consequently rapidly sinks. This test is very 

I sensitive, and may be employed for the detection of bile salts in urine, 

I 7. CHOLESTEROL.— (a) Examine crystals of this substance vrith the 

I microscope. Heat these on a slide with a drop of sulphuric acid and 

I water (5:1); the edges of the crystals turn red. 
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(b) Salkowski's Beaction.— Dissolve some cholesterol in chloroform 
in a dry test-tnbe, and gently shake with an equal amount of concentrated 
snlphiuic acid ; the solution turns red, and the subjacent acid acquires a 
green fluorescence. The chloroformic solution of cholesterol is rendered 
colourless by pouring it into a wet test-tube, and the colour is restored by 
the addition of sulphuric acid. 

(c) Liebsrmnnn-Burchani Reaction. — Two or three drops of 
acetic anhydride are added to a chloroformic solution of cholesterol 
and then sulphuric acid drop by drop. A rose-red colour first develops ; 
this becomes blue and finally bluish-green. 

(d) Preparation, of Cholesterol from Brain.— Ox or sheep's 
brain is minced, and in order to remove the water is mixed with three 
times its weight of plaster of Paris. After some hours the mixture sets 
into a hard mass, which can easily be broken up. Some of this 
powdered material is given round. Add to the quantity supplied 
sufficient acetone to cover it. Allow it to stand for ten minutes, 
shaking frequently. FUter the acetone solution through a dry filter 
into a beaker, and allow the acetone to evaporate spontaneously. 
Cholesterol crystallises out ; dissolve this in hot alcohol ; place a drop on 
a glass slide and examine the typical crystals with the microscope. 
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THE FAKCBEAS 
The Pancreas ia a compound tubnlo-racemose gland ; betwuD ths I 
secreting acini are Hituftted little masses of epithelial cells without ducto i 
called "islets of Langerhans." Eiamination of the secreting cells i« [ 
different Btages of activity reveals changes comparable to those already ] 
described in the case of salivary and gastric cells. Oraniiles indicating I 
the presence of zymogeos crowd the celLs before secretion : these are [ 
discharged during secretion, so that in an animal whose pancreas htm J 
been powerfully stimulated to secrete, the granules are seen only at J 
the free border of the cells (see fig. 18^ 
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As in thi^ case of gastric juice, experiments on the pancreatic i 
secretion are usually performed with au artificial juice, made by I 
mixing a weak allialine solution (I pcr-cent. sodium carbonate) with a 
extract of pancreas. The pancreas should be kept some time before 1 
the extract is made, so as to ensure 
trypsinogen into trypsin has taken place. 

Quantitative analysis of human pancreatic juice gives the following I 
results ;— 

Water .... 97"6 per cent. 
Organic solids . , I'S ,, 

Inorganic salts . ■ 0'6 „ 

Dog's pancreatic juice is considerably richer in solids. 

The organic substances in pancreatic juice are : — 

(o) Enzymes. These are the most important both quantitativelj I 
and functionally. They are four in number :- 

i. Trypsin, a proteolytic enzyme. In the fresh juice, however, tiiis J 
is present in the form of trypsinogen. 

ii. Amylase, an amylolytic enzyme. 
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«ii. Lipase, a fat-splitting euzyuie. 
oilk-uurdling enzyme. 
m{b) A small amount of protein matter, coagulable hj heat. 
W(c) Traoes of leucine, tyrosine, xanlhine, and soaps. 
The inorganic Biibstances in pancreatic juice are ; — 
Sodium chloride, which is the most abundant, and smaller quantities 
of potassium chloride, andpbosphatesof aodiom, calcium, and Qiagnesium, 
The alkalinity of the juice is due to phosphates and carhonaleB, 
especially of aodiiim, 

THE SECRETION OF PANCREATIC JUICE 

One of the moat efJ'ective waya of producing a flow of the juice is to 
introduce acid into the duodenum, and no doubt the acid of the gastric 
juice is the normal stimulus for the pancreatic flow. This flow still 
occurs when all the nerves supplying the duodenum and pancreas are 
cut, and it was held by Popielski and by VV'ertheimer and Le Page 
that it must be due to a local reflex, the centrea being situated in the 
scattered ganglia of the pancreas and oF the solar plexus. Starling 
and Bayliss, however, pointed out that it cannot be a nervous reflei, 
since it occurs after extirpation of the solar plesus, and destruction of 
all nerves passing to an isolated loop of intestine. Moreover, atropine 
does not paralyse the secretory action. It must therefore be due to 
direct eicitation of the pancreatic cells by a substance or substances 
conveyed to the gland from the bowel by tlie blood-stream. 

The exciting substance is not acid ; injection of 0'4 per cent, of 
hydrochloric acid into the biood-stream has no infiuence on the 
pancreas. The substance in question must be produced in the intestinal 
mucous membrane under the influence of the acid. This conclusion 
was confirmed by experiment. If the mucous membrane of the 
duodenum or jejunum ia exposed to the action of O'i per cent, hydro- 
chloric acid, a substance is produced which, when injected into the 
blood-stream in minimal doses, produces a copious secretion of pan- 
creatic juice. This substance is termed secrftin. It is associated with 
another substance which lowers arterial blood-pressure. The two 
substances are not identical, since acid extracts of the lower end of the 
ileum produce a lowering of blood -pressure, hut have no eicitatory 
influence on the pancreas. 

Secretin is split off from a precursor, pro-teerelin, which is present 
in relatively large amounts in the duodenal mucous membrane, and 
gradually diminishes in amount throughout the intestine until it 
entirely disappears in the ileum. Pro-secretin can be dissolved out of 
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the mucous membrane by normal ealine Bolution. It has ao t&flijSiioK 
on the pancreatic secretion. Secretin can be split off from it by boilingf 
or by treatment with acid. 

What aecretia is chemically, we do not yet know. It is soluble 
alcohol and ether. It is not a protein, but probably is an organio 
substance of low molecular weight. It is, moreover, the same sub- 
stance iu all animals, and not specific to different kinds of animals. 

Whether there are any secretory nerves for the pancreas 
present doubtful. Pawlow thought he had discovered them in the 
vagus ; but as he did not esclude in his experiments the passage of the 
acid chyme from the stomach into the duodenum, it is probable that 
the pancreatic secretion he obtained was due to that circumatance and 
the consequent formation of secretin. 

Injection of secretin also stimulates the flow of bile and of buccus 
entericus. 

Secretin is an iDstanoe of the chemical messengers or hormonat 
(Starling) of the body. Evidence is accumulating to show that hor- 
mones are extremely important. It has already, for instance, beea 
shown that one called gastrin is formed as the result of sahvary diges- 
tion, and stimulates the flow of gastric juice. Another is formed in 
the corpus luteum of the ovary, which, passing into the mother's 
circulation, stimulates the mammse to enlarge and secrete milk. 

The pancreatic juice does not act alone on the food in the intestines. 
There are, in addition, the bile (which see), the succua entericus and 
bacterial action to be considered. 

The BUGCUfl entericus or intestinal juice has no action on native 
proteins. It ia stated to possess a slight lipolytic action, and it 
appears to have to some estent the power of converting starch into 
sugar ; its best known action on carbohydrates, however, is due to an 
enzyme it contains called invertase, which converts sucrose into 
glucose and fructose. The original use of the term "inversion" has 
been explained on p. 26. It may be extended to include the similar 
hydrolysis of other disaccharides, although there may be no formation 
of IWTO-rotatory substancea. There are two other invirting finrjmon 
in the succus entericus, one of which ac^ go maltos«,-and the other 

Ion milk sugar. 
A few years ago, however, Pawlow showed that succus entericus 
has a stUl more important action, which iB_ to activat e the proteo- 
lytic power of the pancreatic juice. Fresh pancreatic juice has very 
little power on proteins, for what it contains is not trypsin, but ita 
precursor, trypsinogen. 
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If fresh pancreatic and inteBtinal juices are mised together, the 
result is a very powerful proteolytic misture, though neither juice by 
itaelf has any proteolytic activity. The aubstance in the intestinal 
juice that activates trypsinogeu or, in other words, liberatea trypsin 
from trypsinogen, has been called by Pawlow an enzyme of enzymes, 

Dixon and Hamill's recent work has made still clearer the mechanism 
of pancreatic secretion. There are in the pancreas three precursors 
of enzymes, namely, protry painog en, proamylase, and prolipaae. 
Secretin combines chemically, or at any rate" acts cEemically, on all 
three ; it liberates amylase and lipase from their precursors, and these 
two active enzymes pass into the pancreatic juice. It liberates tryp- 
sinogen from pro trypsinogen, and trypsinogen pasaea into the juice ; 
finally trypsinogen is converted into the active enzyme trypsin by the 
entero-kinase of the succus eoteriona.'S Trypsinogen appears to be a 
complei consisting of trypsin united to a protein moiety, and as long 
as the enzyme is combined in this way, it is inactive; entero-kinase is a 
proteolytic enzyme which digests the protein moiety, and thus liberatea 
the trypsin (J. Mellanby and Woolley). The view has been advanced by 
Herzen that the spleen sends a hormone to the pancreas which assists 
in the elaboration of trypsinogen, but the evidence in favour of this 
hypothesis is not generally regarded as convincing. 

Intestinal juice contains another enzyme called erepsin by ite dia- 
coyerer, Otto Cohnheim ; this is a peptolytic enzyme, and breaks up 
proteoses and peptones into their final cleavage products, the amino- 
a«idfl, and so assists the action of trypsin. The only native protein 
which it digests is caseinogen. 

ACTION or PANOKEATIC JUICE 

The action of pancreatic juice, which when activated is the moat 
powerful and important of aU the digestive juices, may be described 
under the headings of its four enzymes, 

1. Action of Trypsin, — Trypsin acts like pepsin, but with certain 
differences, which are as follows : — 

(a) It acts in an alkaline, pepsin in an acid medium. 

(6) It acts more rapidly than pepsin ; dentero-proteoaes can be 
detected as intermediate products in the formation of peptone; the 
primary proteoses have not been detected. 

(c) Alkali-metaprotein is formed in place of the acid-metaprotein 
of gastric digestion. 
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(d) It acta more powerfully od certain proteins (such as elaatin) 
which are difficult of digestion in gastric juice. It does not, however, 
digest collagen. 

(e) Acting on solid proteins such as tihrin, it eats them away from 
the surface to the interior; there is no preliiuinary swelling as in 
gastric digestion. 

(/) Trypsin acts further than pepsin, and rapidly splits up the 
proteose and peptone which have left the stomach into simpler sub- 
stances, the polypeptides. The polypeptides in their turn are resolved 
into their constituent amino-acids, such as leucine, tyrosine, alanine, 
aspartic acid, glutamic acid, arginine, tryptophane, and many others. 
The constitution and properties of these cleavage products are 
described on pp. 45 to 50. In addition to these there is a certain 
amount of ammonia. The red colour which a tryptic digest strikes 
with chlorine or bromine water is due to the presence of tryptophane 
(indole-amino-propionic acid). 

When once the peptone stage is passed, the products of further 
cleavage no longer give the biuret reaction ; hence they are frequently 
termed aHwretic. 

A variable fraction of the protein molecule is broken off with 
comparative ease, so that certain free amino-acids appear in the 
mixture, at a time when the remainder are still linked together as 
polypeptides. But ultimately the whole molecule is resolved into 
amino-acids, either entirely separated, or in very short polypeptide 
linkages. 

It will thus be seen that there are two important differences between 
pepsin and trypsin ; one is a difference of degree, trypsin being by far 
the more powerful and rapid catalyst ; the second is a difference of 
kind, pepsin not being able to cleave polypeptides into amino-acids in 
the way trypsin can. The preliminary action of pepsin, however, ia 
beneficial, for trypsin cleavage occurs more readily after pepsin has 
acted on a protein. 

2. Action of Amylase. — The conversion of starch into maltoee 
is the most rapid of all the actions of the pancreatic juice. Its power 
in this direction is much greater than that of saliva, and it will act 
even on unboiled starch. The absence of this enzyme in the pancreatic 
juice of infants is an indication that milk, and not starch, is their 
natural diet. 

3. Action on Fats. — These are split by pancreatic lipase into 
glycerin and fatty acids. The fatty acids unite with the alkaline 
bases present to form soaps {gaponificatioit, see p. 37). If a glycerol 
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extract of pancreas is filtered, the filtrate has no lipoclasttc action ; the 
materia] claposited on the filter is also inactive, but oo mixing it with 
the inactive filtrate once more, a strongly lipoclastic material is 
obtained. In this way lipase is separable into two fractions : the 
material on the filter ie inactive lipase ; the material in the filtrate 
ia its oo-enzyme; the latter is not destroyed by boiling. Bile salts 
also activate the inactive lipase, and this explains the fact that bile 
favours fat-splitting. 

Pancreatic juice also assists in the em ulsifi cation of fata ; this it 
ia able to do because it is alkaline, and it i s capable of liberating fat ty 
acids whi ch form soaps with the alkali pre sent ; the soap forms a film 
on the outer surface of each fat globule, and this prevents them running 
together. Emulsions are much more permanent in the presence of 
colloids, such as gum or protein. The presence of protein in the 
pancreatic juice renders it therefore specially suitable for the purpose 
of emulsification. 

4. Milk-cnrdling Eoxymo, — The addition of pancreatic extrai;ts or 
pancreatic juice to milk causes clotting; but this action (which differs 
in some particulars froln the clotting caused by rennet) can hardly 
"wver be called into play, as the milk upon which the juice has to act 
haa been already curdled by the rennin of the stomach. This action is, 
as in the case of pepsin, possibly a function of trypsin. 

BACTERIAL ACTION 

The gastric juice is an antiseptic ; the pancreatic juice is not. An 
alkaline fluid like pancreatic juice ie just the most suitable medium 
for bacteria to flourish in. Even in an artificial digestion the fluid is 
very soon putrid, unless special precautions to exclude or kill bacteria 
are taken. It is often difficult to sa,y where pancieutic action ends 
and bacterial action begins, as many of the bacteria that grow in the 
intestinal contents (having reached that situation in spite of the gastric 
juice) produce enzymes which act in the same way as the pancreatic 
juice. Some form sugar from starch, others peptone, and amino- 
aoids from prot«ins, while others, again, break up fats. There arc, 
however, certain actions that are entirely due to these putrefactive 
organisms. 

i. On carbohydrates. The most frequent fermentation they set 
up is the lactic acid fermentation ; this may go further and result in 
the formation of carbonic acid, hydrogen, and butyric acid (see p. 28), 
Gelluloee is broken up into carbonic acid and methane. This is the 
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chief o&use of the gasee in the intestine, the amount of which is 
increased by vegetable food. 

ii. On fata. In addition to acting like lipase, they produce lower 
acids (valeric, butyric, etc.). The formation of acid products from fata 
and carbohydrates gives to the intestinal contents an acid reaction. 
Kecent researches show that the contents of the intestine become acid 
much higher up than was formerly supposed. These organic acids do 
not, however, hinder pancreatic digestion. 

iii. On proteins. Fatty acids and amino-acids are produced; but 
the enzymes of these putrefactive organisms have a specially powerful 
action in liberating sobBtances having an evil odour, such as indole 
(CgHjN), Bkatole (CflH^N), and phenol {CgHflO). The indole and 
skatole originate from the tryptophane radical of proteins. There are 
also gaseous products in some cases. 

Ammonia-producing organisms flourish best in the lower regions of 
the small intestine ; the ammonia neutralises the oi^anic acid produced 
higher up, and in the large intestine the contents are consequently 
alkaline. 

Base» from Amino-acids. — A very characteristic action of putrefactive 
bacteria is exerted on the amino-acids ; this change consists in the 
splitting off of carbonic acid from their carboxyl (COOH) group, and 
the production of amines according to the following equation : — 
R.NHj R.NHj 

I = I +C0^ 

COOH H 

E in the above equation represents the radical which varies in the 
different members of the amino-acid group (CH^ in glycine, C^H, in 
alanine, C^H,,, in leucine, etc.). 

It has been known for some time that the well-known putrefactive 
bases ^Mfreseine and cadaverine are formed in this way from ornithine 
and lysine respectively ;— 



NH2.CHj.CHj.CH5.CH2.CH.NH5.COOH 

= NH„.CH,.CHa.CHs.CHj,CHj.NHij.-HCO,. 

[Ijilne or dluntDo-ciproic Bcidl^lcsdarerLiieor pentunethTlene-dlamin«] 

Recently, however, it has been recognised that this "decarboxyla- 
tion " of amino-acids is a general reaction of certain putrefactive 
organisms, and that a whole series of bases is obtainable, which are of 
considerable physiological interest. For example it was found that 
during the putrefaction of meat and placenta leucine and tyrosine are 
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converted into the baBee iso^mylamine and axyphenylethjlan 
reapectively : — 

^^»NcH.CHj.CH.NHj.COOH = gJJ»\cH.CH,.CHj.NH2 + COj 

|l«lidDe or unlno.upn>lc acid] [laO'Unyluniua] 



These two bases exert a pressor action on arterial blood>presBure, 
similar to that of adrenaline, and it is most probable that the pressor 
bases contained in normal urine during a liberal meat diet owe their 
origin to bacterial action in the intestine. The bases oxyphenylethy- 
lamine has also been found in extracts of ergot — the fungus which 
develops in the ovaries of certain grasses {e.g. rye) ; the enzymes of this 
fungus are able, like bacterial enzymes, to "decarbosylise" not only 
tyrosine, but also histidine and arginine, the bases formed being imi- 
dazolethylamine and agmatine respectively, as shown below : — 

HC— NH /NH, 



>H <™<^;, 



OH, 

CH.: 



•NH.CHj 

I 



CH„ 
,NH, I 

I CH.KH, 

COOH 



COOH 

[arginine] 



HC— NH 



|\CH 



0— N 

I CHj 

CH„ I 

I CH, 

CHi,.NHii I 

(imiduoleUiylkmlne C JJ^, N H„ 

Imidazotethylaaiine has also been obtained from histidine owing to 
the action of putrefactive bacteria in the intestine. Very small doses 
lower blood-pressure enormously. The base agmatine waa first dis- 
covered in herring roe. There is no doubt that the pharmacoli^cal 
action of ergot is in part due to these bases. 
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Quite analogous to them is the formation of amino-butyric acid from 
glutamic acirl, and of j3-alanine from aepartic acid duriog putrefaction : — 



COOH COOH 

I I 

CH„ CH„ 



! = I 

CH.NH., CH,.NH- 



I 
COOH 



[B-iStutjitf 



EXTIBPATION OF THE FANCBEAS 

Complete removal of the pancreas in animals and diseases of the 
pancreas in man produce a condition of diabetes, in addition to the 
loss of pancreatic action in the intestines. Grafting the pancreas 
from another animal into the abdomen of the animal from which 
the pancreas has been previously removed relieves the diabetic 
condition. 

How the pancreas acts otherwise than in producing the pancreatic 
juice is not precisely known. It must, however, have other functions 
related to the general metabolic phenomena of the body, which are 
disturbed by removal or disease of the gland. This is an illustration of 
a universal truth — viz. that each part of the body does not merely do 
its own special work, but is concerned in the gi-eat cycle of changes 
which is called general metabolism. Interference with any organ 
upsets, not only its specific function, but causes disturbances through 
the body generally. The interdependence of the circulatory and 
respiratory systems is a well-known instance. Kenioval of the thyroid 
gland upsets the whole body, producing widespread changes known 
as myxoedema. Removal of tlie testes produces, not only a loss of the 
spermatic secretion, but changes the whole growth and appearance 
of the animal. This is accounted for by the hypothesis that such 
glands produce an internal secretion, which leaves the gland vid the 
lymph or venous blood, and is then distributed to minister to parts 
elsewhere. Removal of such glands as tht' thyroid or suprarenal 
produces disease or death because this intemal secretion can no longer 
be formed. In the case of the pancreas, the external secretion of the 
pancreas (that is, pancreatic juice) is formed by the cells lining the 
acini, and the interoiil secretion, stoppage of which in some way leads 
to diabetes, has been attributed to the islets of I.angerhans. 
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OlyoMttTia (sugar in the urine) occurs in maDy coaditions. It may be a 
tompororj oondition, as in atlimentary glycosuria, whioh ia due to excess of 
oarbohydrate food, or a oomparatively inactive lirer which is incapable of 
dealing with the usual carbohydrate supply. It may be produced by injury 
to the floor of thefourth ventricle (Claude Bernard's celebrated puncture experi- 
ment), but only when the liver has within it a store of glyoQgen. The injury 
to the bulbar centre influences thus the nervous mechanism which regulates 
the glycogenic funotion of the Uver. In diabetes mellitua, the body Ls unable 
to utilise sugar by burning it, and so hberatlng heat and energy ; sugar 
therefore accumulatea in the blood and overflows into the urine. In some 
oases rigid abstention from carbohydrate food makes Uttle or no difference, 
and the sugar must come from the protein oonatituenta of protoplasm, alanine 
being one of the most important of the intermediate products. When the 
pancreatic functions are in abeyanoo, the diabetic state is due to an impaired 
capacity to oxidise sugar down to its ultimate products carbonic acid and 
water. The destruction of sugar by the tissues is termed glycolysis, and one 
view advanced is that the internal secretion of the pancreas activates the 
glycolytic enzyme ; therefore when the infernal secretion of the pancreas ia 
absent, the activating impulse is absent also. There are many difflculties, 
however, in accepting this view. Adrenaline, the secretion of the suprarenal 
body, produces an increased discharge of sugar from the liver, but under 
normal conditions this is inhibited by an antagonistic hormone secreted by 
the pancreas. The most satisfactory view of pancreatic diabet«s is that it is 
due to the absence of this antagonistic hormone. 

Many drugs and poisons produce glycosuria, but the most potent of them 
is phloridzin ; this substance causes diabetes in animals which have no glycogen 
in their tissues, and phloridzin- diabetes is analogous to those severe forms 
of diabetes mellitus in man in which the sugar must come from protein 
katabolism. Curiously enough, in phloridzin-diabetes the blood shows no 
excess of sugar, hut this is probably because the drug renders the kidney 
HO permeable to sngar that the outflow into the urine occurs at such a rapid 
rate that the percentage in the blood is kept at a low flgure. 

Acidosis. — This condition is seen in diabetes ; poisonons acids in the blood 
produce a state of coma, or deep unconsciousness, which may Anally cause 
death. For a diabetic patient is not oitly unable to bum and so utilise earbo- 
hydrate, but he fajla in a similar way in his utilisation of fat. Butyric acid 
and /S-hydrosybutyric acid are probably normal intermediate products in fat 
katabolism, but a healthy man on a normal diet is able still further to oxidise 
them into carbonic aoid and water. But on an abnormal diet, for instance, 
when carbohydrate food ia absent, fat-cleavage largely stops short at the 
hydro xybutyric acid stage ; consequently this and possibly other related 
fatty acids accumulate and cause acidosis ; this condition is inoreaaed the 
more fat is given in the food, and the acidosis of diabetes is similarly increased 
by fatty food. These poisonous acids were once believed to originate from 
proteins ; if that were so there ought to be an increase of other protein kata- 
bolitea in the urine, whioh there is not. The acids decrease the alkalinity 
and carbonic acid of the blood, and the ammonia of the urine is increased j 
this indicates an attempt of the body to neutralise the acids. 
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The hydroxybutyrio acid does not pass entirely anahanged into the urine. 
^-Hydrosybutyrie acid is CH3.CH0H.CH,.C00H. By oridation, tho two 
hydrogen atoms in thick type are Temoved to form water, and this leaves 
CHj.CO.CH^COOH. which U aceto-acetio acid: when the COO in thick 
type is removed we get acetone (C^CO.CHg), which gives the breath wid 
urine of suoh patients an applo'hbe smelL 

In these changes the liver plays an important part by means of certain 
enzymes which Dakin has proved to eiist. One enzyme, called ^-hydroay- 
butyrase, is an oxidase ; it oxidises the jS-hydioxybutyrio into aoeto-aoetdo 
acid, and its action is increased by the addition of blood or oxyhwmoglobiu, 
which furnishes the necessary oxygen. It probably is active in health as well 
as in disease, the aceto-aoetic acid being finally bmmt into oarbonic aoid and 
water. The other enzyme which forms acetone is not an oxidative one, and 
acetone formation probably never occurs in the healthy state. 

The question of diabetes is an important one, and the foregoing paragrapha 
have treated it only in outhne ; the student should consult a general text-book 
on Physiobgy or Pathology tor a full oonBideration of the subject. 



TH£ BILE 

The liver is an organ which has many (unctions ; one of tbeee, the 
glycogenic function, is referred to in the preceding section ; it also plays 
a part in the metabolism of proteins (see formation of urea and urie 
acid) and of fats. In this place, however, we are specially concerned 
with its secretion, namely, the Bile. 

Bile is the secretion of the liver which is poured into the duodenum : 
it has been collected in livii^ animals by means of a biliary fistula ; the 
same operation has occasionally been performed in human beings. At 
death the gall bladder yields a good supply of bile which ts more con- 
centrated than that obtained from a fistula. 

Though the chief blood supply of the liver is by a vein (the portal 
vein), the amount of blood in the liver varies with its needs, being 
increased during the periods of digestion. This is due to the fact 
that in the area from which the portal vein collects blood— stomach, 
intestine, spleen, and pancreas^the art«riole8 are all dilated, and the 
capillaries are thus gorged with blood. Further, the active peristalsis 
of the intestine and the pumping action of the spleen are additional 
factors in driving more blood onwards to the liver. 

The bile is secreted from the portal blood at a much lower pressure 
than one finds in glands, such as the salivary glands, the blood supply 
of which is arterial. Herring and Simpson have found that the pres- 
sure in the bile duct averages 30 mm. of mercury, which is considerably 
above that in the portal vein. 
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The increase in the Sow of bile which □ocura after the arrival of 
the semi-digested food (chyme) in the intestine haa been explained by 
the circiim stance that secreti n is a Btiniulant ^f_the liver as well aa of 
the pancreas. The action of aeoretin on "bile is not, however, a pro- " 
nounced~'bne. The roost efficient cholagogue known consists of the 
bile salts themselves ; these, after entering the intestine, are reabsorbed 
and return to the liver, and once more stimulate that organ to activity. 

The chemical processes by which the constituents of the bile are 
formed are obscure. We, however, know that the biliary pigment is 
produced by the decomposition of hEemoglobin. Bilirubin is, in fact, 
identical with the iron-free derivative of hsenioglobin called htomatoidin, 
which is found in the form of crystals in the old blood-clota such as 
occur in the brain after cerebral hiemor- 



rhage {see fig. 19). Moreover, bilirubin # 



% 






yields hjemopyrrol, a substance also « f^ ^ ^^tf 

obtained from blood-pigment. ,***("' * ^^ 

An injection of haemoglobin into the 
portal vein, or of substances such aa 

water which liberate hicmoglobin from ^ i'^— 

the red blood corpuscles, produces an _, j, j.'Ltt^^ Jl' 

of bile pigment. If the spleen ^tmfi-^I^' ''' 

takea any part in the elaboration of bile ^^ 19.— Hiematotdm uryrtaiii, 
pigment, it does not proceed so far aa to 
liberate hfemoglobin from the corpuscles. No free 1 
discoverable in the blood plasma in the splenic vein. 

The amoimt of bile secreted is differently estimated by different 
observers; the amount secreted daily in man appears to vary from 
500 c.c. to 1 litre (1000 C.C.). 



THE CONSTITUENTS OF BILE 

e constituents of the bile are the bile salts proper (taurocholate 
iai glycocholate of soda), the bile pigments (bilirubin, bihverdin), a 
mucinoid substance, small quantities of fats, soaps, ciiolesterol, lecithin, 
urea, and mineral salts, of which sodium chloride and the phosphates 
I, calcium, and magnesium are the most important. 

Bile is a yellowish, reddish-brown or green fluid, according to the 
relative preponderance of its two chief pigments. It has a musk-like 
odour, ft bitter-sweet taste, and a neutral or faintly alkaline reaction. 

The specific gravity of human bile from the gall-bladder is 1026 to 
1032; that from a fistula, 1010 to lOU. The greater concentration 
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of pall-hladder liile is partly but not wholly explained by the addition 
to it from the walls of that cavity of the muciaotd material. 

The amount of eolida in gall-bladder bile varies from 9 to 1+ per 
cent., in fistula bile from 1'5 to 3 per cent. The following table showB 
that this low percentage of solids is almost entirely due to want of bile 
salts. This can be accounted for in the way firet suggested by Schiff— 
that there is normally a bile circulation going on in the bodyj a lat^ 
quantity of the bile salts which pass into the intestines is'first split up, 
then reabsorbed and again secreted. Such a circulation would obviously 
be impossible in cases where all the bile is discharged to the exterior. 

The following table gives some important analyses of human 
bile 1— 



Constitaenta. 


Fistula Bile 

(healthy woman. 

Coueman and 

Winaton). 


Fistula Bile (case 

of cancer. Yeoand 

Herroun) 


Normal Bi]. 
(Fraricha). 


Sodium glyoooholats . 
Sodium taurocholatR 
Ksts and lipoids . 
Mucinoid material 

fnr*''ic salts ■ ■ 


1 0-fl280 1 
0-0990 
0-1725 
0-0726 
0-4510 


0'I6S 
0-0B5 
003B 
} 0-H8 
0-878 


1-18 
3-9S 

0-78 


Total solids . 1-4230 
\Vat«r (by differeuoe) . S8-5770 


1-284 

98-716 


14-08 

85-92 


1 lOO-OOOO 


100-000 


100-00 



Bile Mucin. — There has been considerable diversity of opinion as 
to whether the bile mucin is really mucin. The most recent work in 
Hammarston's laboratory shows that differences occur in different 
animals. Thus in the ox there is very little true mucin, but a great 
amount of nueleo-protein ; in human bile, on the other band, there is 
very little if any nueleo-protein ; the mucinoid material present there 
is really mucin. (On the general characters of Mucin and Ndoleo- 
PKOTBI.NS, sou jip. 62 to 6.^.) 

The Bile Salts. — -The bile contains the sodium salts of complex 
acids called the liilo acids. The acids most freijuently found are 
glycocholic and taurouholic acids. The foimer is more abundant 
in the bile of man and herbivora ; the latter in camivora such as the 



Digmzcd by Google 



dog. Tlie iiioHt iuijKirtiiut difference between the two aoida is that 
taurocho]ic acid coataiQs aulphur, and glycouholic acid does not. 

O-lfcocholic acid (Cji^H^jNOg) is hydrolysed bj the action of dilute 
acids and alkalis, and also in the intestine, and split into glycine or 
■acetic acid and cholalic acid : — 



The glycoehoiate of Boda liaa the formula Cj^H^jNaNOg. 
Tanrocholic acid (C^dH^^NO^S) aimilarly splits into taurine < 
ino-ethyl-aul phonic acid and cholalic acid : — 



The taurocholate of soda haa the formula Cg^H^NaNOjS. 

Glyoocholic and tanrocholic acids have lately been prepared sjTi- 
theticaliy from cholalic acid and glycine and taurine respectively. 

The colour reaction called Pettenkofer'B leaction, described in the 
practical eserciaes at the head of this lesson, is due to the preHence 
of cholalic acid. The sulphuric acid acting on sugar forms a amaU 
quantity of furfnraldehyde, in addition to other products. It is the 
furturaldehyde which gives the purple colour with cholalic acid. 

The Bile Pigments. — The two chief bile pigments are bilirubin 
and biliverdiu. Biie which contains chiefly the former (such as dog's 
bile) is of a golden or orange-yellow colour, while the bile of many 
herbivora, which contains chiefly biliverdiu, is either green or bluish 
green. Human bile is generally described as containing chiefly bili- 
rubin, but there have lieen some caaee described in which hiliverdin 
was in eiceas. The bile pigments show no absorption bands with the 
spectroscope. 

Bilimbin has the formula C^gHjuNjOg ; it is thus an iron-free 
derivative of hEBoioglobin. The iron is apparently stored up in the 
liver cells, perhaps for future uae in the manufacture of new 
hiemoglobin. 

The bile contains only a trace of iron. 

Biliverdiu has the formula (Ci^HigNjO^), (i.e. more oiygen than bili- 
rubin): it may occur as such in bile; it may be formed by simply 
exposing red bile to the osidisiTig action of the atmosphere; or it may 
be formed, as in Omolin's test, by the more vigorous oxidation produced 
by fuming nitric acid. 

Omelin'a test consista of a play of colours — green, blue, red, and 
finally yellow — produced by the oxidising action of fuming nitric acid 



W^fnT^^r^r^^ 



i 



124 ESSENTIALS OF CHEMICAL PHTSIOLOOY 

(that is, nitriu acid containing nitrons acid in solution). The end or 
yellow product is called c/Wett/iVi, C^jHjgN^Ojg. Occaaionally in varioua 
animals these products of intermediate oxidation are found in the bile 
thus bilicyanin (the blue pigment) and bilipurpiirin (the purple one) 
may be present. 

Hydrobilinibin. — If a solution of bilirubin or biliverdin in dilute 
alkali is treated with sodium amalgam or allowed to putrefy, 
brownish pigmeut is formed called hydrobilirubin, C3jHj,N,0j. With 
the spectroscope it shows a dark absorption band between 6 and F, and 
a fainter band in the region of the D line. 

tirobilin.— Hydrobilirubin is interesting because a similar aubstance 
is formed from the bile pigment by reduction processes in the intestine j 
this is itercoliiliii, the pigment of the ffeces. Some of this is absorbed 
and ultimately leaves the body in the urine as one of its pigments 
called wrabilin. A small quantity of urobilin is sometimes found 
preformed in the bile. The identity of urobilin and stercobilin has 
been frequently disputed, but the work of Garrod and Hopkins has 
confirmed the old statement that they are the same substance with 
different names. Urobilin has a well-marked absorption band in the 
region of the F line, and when partially precipitated from an alkaline 
solution by acidification, it also shows an absorption band in the region 
of the E line. Hydrobilirubin differs from urobilin in containing much 
more nitrogen in its molecule (9'2 instead of 4'1 per cent.), and is 
probably a product of less complete reduction than urobilin, (See 
further Lesson XXV.) Urobilin ia also formed by the oxidation of 
hiemopyrrol (see Htemoglobin, p. 148). 

Oholesterol. — in bile this substance is normally present in small 
quantities only, but it may occur in excess, and so form the concretions 
known as gallstones, which are generally more or less tinged with 
bilirubin. Its chemical characters and physiological importance are 
discussed on pp. 38, 39 ; its colour reactions are given in to-d&y'a 
practical exercises (p. 108). 

THE USES OF BILE 

Bile is doubtless, to a certain extent, excretory. In some animals 
it has a slight action on fats and starch, but it appears to be rather a 
coadjutor to the pancreatic juice (especially in the digestion of fat) than 
to have any independent digestive activity. Its auxiliary action in 
the digestion of fat and starch has been shown in our practical 
exeroiBes (p. 107). It has a similar slight assisting power in the digestion 
9f proteina. 
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1 ie said to be a natural antiseptic, lessening tbe putrefactive 
proceeaes in the intestine. This is very doubtful. Though the bile 
salts are weak autiseptics, the bile itself is readily putrescible, and 
tbe power it has of diininisbing putrescence in the intestine is due 
chiefly to the fact that by increasing absorption it lessens the amount 
of putreBoible matter in the bowel. 

When the bile meets the chyme the turbidity of the latter is increased, 
owing to tbe precipitation of unpeptonieed protein. This is an action 
due to the bile salts, and it has been surmised that this conversion 
of the chyme into a more vtMcid mass is to hinder sonlewbat its prrigreaa 
through the intestine ; it clings to the intestinal wall, thus allowing 
absorption to take place. The neutralisation of the acid gastric juice 
by the biie also allows the alkalinity of the pancreatic juice to have 
full play. Bile is a solvent of fatty acids, and assists tbe absorption 
of fat. 

THE FATE OF THE BILIAEY CONSTITUENTS 

We have seen that fistula bile is poor in solids as compared with 
normal bile, and that this is explained on the supposition that the 
uonnal bile circulation is not occurring— the liver cannot excrete 
what it does not receive back from tbe intestine. SchitF was the first 
to show that if the bile is led back into the duodenum, or even if the 
animal is fed on bile, the percentage of solids in the bile excreted is 
at once raised. It is on these esireriments that the theory of a bile 
circulation is mainly founded. The bile circulation relates, however, 
chiefly, if not entirely, to the bile salts : they are found but sparingly 
in the fteces ; they are only represented to slight extent iti the urine ; 
hence it is calculated that seven-eighths of them are reabsorbed from 
the intestine. Small quantities of cholalic acid, taurine, and glycine 
are found in tlie fteces ; the greater part of these products of the 
decomposition of the bile salts is taken by the portal vein to the liver, 
where they are once more ayothesised into the bile salts. Some of the 
taurine ia absorbed and excreted as tauro-carbamic acid (C^H^NHCO- 
NHjHSOg) in the urine. Some of the absorbed glycine may be excreted 
as urea. The pigment is changed into stercobilin, a substance like 
hydrobilirubin. Some of the atercobiliu is absorbed, and leaves the 
body as the urinary pigment, urobilin. The cholesterol in tbe fseoea 
was formerly supposed to be a bile residue ; but in some animals, 
especially those which feed on grass, tbe source of the fsecal cholesterol 
is the vegetable cholesterol fphytosterol) of the food. In some cases 
it ia reduced to form a derivative t«rmed cqproeterol. 



W!^©^ 



* 
^ 



126 ESSENTIALS OF CHEMICAL PHVSlOLOCfY 

The feces are alkaline in reaotion, and on an ordinary mixed diet 
ooDtain uomparatively little food residues, and & small quantity is 
excreted even, during starvatioQ, Voit and Hermann showed inde- 
pendently that an intestinal loop which had been emptied and separated 
from the rest of tlie bowol contained, a few days later, material identical 
with EsBces, and consisting of intestinal juice, desquamated epithelium 
cells, and bacteria. Tbe inoreaae in tbe amount of feeccs which oocurs 
when food ia taken, even when the food is free from cellulose, is due 
to the mechanical and chemical stimulation which leads to an increase 
in tbe auccua entericus, and in tbe shedding of epithelial cells. The 
fseces contain about 1 per cent, of nitrogen, biit this is chiefly contained 
in the bodies of bacteria, and the disintegrated epithelial cells. Addi- 
tion of protein to tbe diet makes practically no difference to tha 
nitrogen in the fteces under normal conditions. 

The addition of cellulose to tbe diet increases the bulk of the 
tsecea, partly because most of the cellulose is imchanged, partly 
because it stimulates the mucous membrane to secrete n 
Hucciis entericus, and finally because the larger food residue favours 
the development of bacteria. On an average, from one-third to one-fifth 
(varying with the diet) of the weight of dried fseces consiBts of bacteria. 
The average weight of dried bacteria excreted daily ia 8 grammes; 
this contains 08 gramme of nitrogen, or about half the nitrogen of 
the frecea. Strasburger estimated that about 128,060,000,000,000 
bacteria are evacuated in the faeces of a man every day. The vast 
majority of these are dead. 

When cellulose is absent from the diet, tbe fteces contain from 
65-75 per cent, of water ; the dry residue contains about 7 per cent, 
of nitrogen, and tbe non-nitrogenous material consists of about equal 
quantities of ash and substances soluble in ether, with small quantities 
of atercobilin and other bile residues. The ash contains mainly calcium 
phosphate, with small amounts of iron and magnesium. The ethereal 
e.itract contains cholesterol, lecithin, fatty acids, soaps, and a very 
small amount of neutral fat. The proteins are chiefly mucin and 
nucleo-protein, and are derived not from tbe food, but from the 
intestinal wall, or are contained in the bacteria ; no doubt a large 
part of the ethereal extract is also supplied by the bacteria. 

Celluloae is thus tbe only important conatituent of the food which 
ia unaffected by the digestive juices, although a variable amount, 
which is largest in herbivorous animals, undergoes bacterial dec 
position. Tbe presence of celluloae also interferes with the absorption 
of proteins, for the digestive juices have difhculty in penetrating the 
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oelhiloee membranes of vegetable cells. Thus Voit found that 43 per 
cent, of the nitrogen in the food were lost in the fseces of a vegetarian, 
Thie is due solely to the cellulose and not to any diHerence in the 
difjestibility of animal and vegetable proteins, for it vegetable food ia 
finely subdivided, and then thoroughly cooked and softened, this Iobs 
is lessened, and if vegetable protein ia entirely freed from eellulose, 
it is as thoroughly absorbed as animal protein. Fifteen per cent, of 
the dry substance of green vegetables and brown bread, 20 per cent, 
of carrots and turnips, and a still larger amount of beans are lost in 
the ffecal residue. 

The intestinal contents travel more rapidly when vegetables are 
present, for the indigestible cellulose stimulates peristalsis, and there- 
fore a large quantity of water escapes absorption in the colon. Thus 
on an ordinary mixed diet 35 grammes of dry substance and 100 
grammes of water are daily excreted in the fasces, whereas on a 
vegetable diet the quantities are 75 and 260 grammes respectively. 

MECONIUM 

Meconium is the name given to the greenish-black contents of the 
intestine of new-bom children. It is chiefly concentrated bile, with 
debrit from the intestinal wall. The pigment ia a mixture of bilirubin 
and biliverdin ; it is not stercobilin. 

ABSORPTION 

Food ia digested in order that it may be absorbed. It is absorbed 
in order that it may be assimilated— that is, become an integral part 
of the living material of the body. 

Having now considered the action of digestive juices, we can study 
the absorption which follows. In the mouth and cesophagus the 
thickness of the epithelium and the quick passage of the food through 
these parts reduce absorption to a minimum. Absorption takes place 
to a small extent in the stomach ; the small intestine, with its folds 
and villi to increase its surface, is, however, the great place for absorp- 
tion ; and, although the villi are absent from the large intestine, 
absorption occurs there also, but to a less extent. 

Foods such as water and soluble salts like sodium chloride are 
absorbed unchanged. The organic foods, however, are considerably 
changed, colloid materials such as starch and protein being converted 
respectively into the diffusible materials sugar and amino-acids. 

There are two channels of absorption, the blood-vessels (portal 
capillaries) and the lym£haEic_yeBaek. prjacteals. ^^ ~~" 
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Abeorption, however, is ao mere physical procesa of difFuBioii and 
filtration. We must also take into account the fact that the cells 
through which the absorbed aubatancea pass are living, and in virtue 
of their v ital activity not only aalect materiala for abaorption, but also 
change those substances while in contact with them. These cells are 
of two kinds: (1) the columnar epithelium that covers the surface 
and (2) the lymph cells in the lymphoid tissue beneath. It is now 
generally accepted that of the two the former, the columnar epithelium, 
is the more important. When these cells are removed, or rendered 
inactive by sodium fluoride, absorption practically ceases, though the 
opportunities for simple filtration or diffusion would be by such n 
increased. 

Absorption of CSarbohrdratea. — Though the sugar formed from 
starch by ptyahn and amylase is maltose, that found in the blood 
is glucose. Under normal circumstances little if any is absorbed by 
the lacteals. The glucose is formed from the maltose by the si 
entericuK. Sucrose and lactose are also converted into mono-saccbarides 
before absorption. 

The carbohydrate food which enters the blood as glucose is taken 
to the liver,3]id there stored up in the form of glycoeen — a reserve 
store of carbohydrate material for the future needs of the body. 
Glycogen, however, is found in animals which take no carbohydrate 
food. It must then be formed by the protophiamic activity of the 
liver cells from their protein constituents. The carbohydrate store 
leaves the liver in the blood of the hepatic vein as glucose once more. 

The above is a brief statement of the glycogenic functions of the 
liver as taught by Claude Bernard, and accepted by the majority ot 
physiologists. It was strongly contested by Pavy, who held that 
the glycogen formed io the liver from the sugar of the portal blood 
ia never during life reconverted into auf^ar, but is used in the forma- 
tion of other substances such as fat and protein ; in support of this he 
showed that proteins contain a carbohydrate radical ; and it certainly 
is the case that carbohydrate food is fattening. He denied that 
the post-mortem formation of sugar from glycogen that occurs 
an eicised liver is a true picture of what occurs during life. 

Absorption of Proteins. — It is possible that <mder abnormal con- 
ditions a certain amount of soluble protein ia absorbed unchanged. 
Thus, after eating a large number of eggs, egg-albumin has been stated 
to be discoverable in the urine. Patients fed per rectum derive nourish- 
ment from protein food, although proteolytic enzymes are not present 
I this part of the intestine. 
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Under □ormdl conditioDS, however, the food-proteiiiH ure broken 
up into substaneeH with smaller molecules, and the ready difFusibility 
of peptonae led most phyaiologixtB to consider that prateiu was usually 
absorbed aa peptone, or ax proteose and peptone. But proteose 
and peptone are absent from the blood and lymph in all circuni- 
ataiices, even from the portal blood during the most active digestion. 
It is fortunate that this is so, for proteose and peptone when intro- 
duced into the blood produce poisonous effects ; the coagulability of 
the blood is lessened, blood pressure falls, secretion ceases, and in 
the dog 0'3 gramme of commercial peptone per kilogramme of body- 
weight is often sufficient to produce dealfir ~ 

This absence of " peptone " (using the word to include the proteoses) 
did not, however, absolutely negative the idea that "peptone" is the 
form in which proteins are absorbed, and the difficulty was met by 
supposing that during absorption the products of proteolysis were 
reconverted into native proteins (albumins and globulins). This 
synthesis was further considered to he accomplished by the epithelial 
cells that line the intestine. 

This view has now had its day, and the change of opinion that 
has relegated it to the past is due (1) to our increased knowledge of 
the power of trypsin and erepsin; (2) to a more careful esa'mination 
of the intestinal contents, and of the blood during absorption. We 
now know that in the intestine the proteins are, by the two enzymes 
trypsin and erepsin , broken down beyond the peptone stage into 
their final cleavage products, the amino'aoids, and that these pass 
into the blood as such, for the amount of non-protein nitrogen in 
that fluid is increased during absorption. If an animal is fed on the 
cleavage products obtained from a pancreatic digest, nitrogenous 
equilibrium is still maintained. These amino-acids are partly utihsed 
by the cells of the body to repair their waste, but partly and to a still 
greater extent converted by the liver into the waste substance urea, 
which is finally excreted by the kidneys. The view that the alisorptive 
epithelium of the alimentary tract has any special power in building up 
proteins from these simple cleavage products lias not been confirmed. 

We thus see that the cells of the body posBoss the power of rebuilding 
the proteins peculiar to themselves from the fragments of the molecules 
of the food prntem a. This accounts for the tact that the animal tissues 
retain their .chemical individuality in spite of the great variations in the 
composition of the diet the animal takes. 

If a man wishes to build a new house, and to employ for the purpose 
the bricks previously used in the building of another house, he takes the 
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old house to pieces and uses the bricks and stones most appropriate forfl 
hia ptirpose, rearranges them in such u way that the new house has i 
own special architectural features, and discards as waste the bricki 
and stones which are uot suitable. This idea underlies the term so oftea I 
used by (Jermau writers, who speak of the cleavage products of protein'l 
a» Bausteinc (building stones). Each tissue has special architsctun 
features in its protein molecules, and these molecules are recon&tructdSl 
by using the Bansteine that preTioiisly had been used iu the biiildlng.a 
of other protein molecules, either in another animal or iu vegetahl«f 




structures. The Bausteiae which arc in excess or are unsiulable a 
simply got rid of as wtiste substance. 

A large number of the Bausteiue are never actually built i 
protoplasm, but are carried to the lirer when the aniino-group : 
removed; this is termed deamUlation ; the nitrogenous portion is theol 
converted into urea, and the non-nitrogenous portion of the prote 
molecule is then available for calorific processes (see Urea formati(Ri)i)j 
One can only conjecture at present which are the ones that on p. 72l 
we compared to diamonds, because they are unusually precious for t! 
synthesis of protein by tissue cells ; hut probably phenyl-alanine andS 
its near relations tyrosine and tryptophane come into this categoiy, fori 
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if they are injected into tho Ijlood-stream they do nut give riac to any 
e urea formed ; moreover, proteins destitute of these 
3 of inferior nutritive value. 
AbBOTption of Fate,— The fats undergo in the intestine two changes : 

one a physical change (emulnification), the other a chemical change 

(saponification). The lymphatic vessels are the great channels for 

fat-absorptioD, and their name, luoteab, ia derived from the milk-like 

appearance of their contents (chyle) during the absorption of fat. 

The way in which the minute fat globules pass from the intestine 

into the lacteala has been studied by killing animals at varying periods 

after a meul of fat and making oemic acid microscopic preparations 

of the villi. Figs. 20 and 21 illustrate the appearances observed. 
_ The columnar epithelium cells become first filled with fatty globules 

of varying siste, which are generally larger near the free border. The 

globides pass down the cells, the larger 

ones breaking up into smaller ones 

during the journey ; they are then 

transferred to the amteboid cells of 

the lymphoid tissue beneath theat 

ultiniately penetrate into the centra) 

lacteal, where they either disintegrate 

or discharge their cargo into the lymph- 

Btream. The globules are by this time 

divided into immeasumbly small ones, n i \ *" *, ' ! ' ftuKsin 

the molecular basis of chyle. The 9chilf»r) tp epithBlium wr striated 

chyle enters the blood-stream by the 

thoracic duct, and after an abundant fatty meal the blood plasma is 
quite milky ; the fat droplets are so small that they circulate without 
hindrance through the capillaries. The fat in tlie blood after a 
meal is eventually stored up in the connective -tissue cells of adipose 
tissue. It must, however, be borne in mind that the tat of the body 
is not exclusively derived from the tat of the food, but it may 
originate also from carbohydrates and possibly, in the opinion of some 
physiologists, from protein as well. 

As the fat globules were never seen penetrating the striated border 
of the epithelial cells, there was a difficulty in imdcrstanding how they 
reached the interior of these cells ; the cells will not take up other 
particles, and it is certain that they do not in the higher animals 
protrude pseudopodia from their borders {this, however, does occur 
in the end ode rm of some of the lower invertebrates). 

Recent research has solved this difficulty. In the first place, 
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particles may be present in the epitholium and lymphoid cells vhils 
no fat is lioing absorbed. These partiules are protoplasmic in nature 
as ttiej stain with reagents that stain protoplasmic grannies ; but as 
they also stain darkly with osmic acid, they are apt to be mistaken 
for fat. There is, however, no doulit that the partides /oiind during 
fat-absorption are composed of fat. There is also no doubt that tho 
epithelial cells have the power of again forming fat oiit of the fatty 
acids and glycerol into which it has been broken up in the intestine. 
These substances, being soluble, pass readily into the epitheliiim cells, 
and these cells perform the synthetic act of building them into fat 
once more ; the fat so formed appears in the form of small globule)^ 
surroundiug or becoming mixed with the protoplasmic granules thati 
are ordinarily present. A remarkable fact which Munk made ouS 
is that after feeding an animal on fatty acids the chyle coutAins fa^ 
The necessary glycerol must have been formed by protoplasmic aetivitj, 
during absorption. Preliminary emulsificatiou, tbocigh advantageous 
for the action of lipase, ia not essential. 

Bile aids the digestion of fat by co-operating with the pancreatio, 
lipase as eiplained on p. 115. It is also a solvent of fatty acid^ 
and it probably assists fat-absorption by reducing the surface teuBiOB't 
of the intestinal contents ; membranes moisteued with bile allow fatt]( 
materiiiJs to pass through them more readily than would otherwii 
the case. In cases of disease in which bile is absent from the intestinei 
a large proportion of fat in the food passes into the faeces. 

In conclusion it must be mentioned that the lymphocytes are greatlt) 
increased in the blood during absorption, and some physiologistfi hoU 
the view that these eome from the intestinal mucous mt^nibrane, i 
share in the work of transporting absorbed materials. 





BLOOD PLASMA 



1. The coagulation of the blood has been prevented in specimen A hy 
the addition of neutral salt (an equal volume of saturated sodium-sulphate 
solution, or a quarter of its volume of saturated magnesium-snlphate 
solution). The corpuscles have settled, and the supernatant salted plasma 
has been siphoned oft. 

2. The coagulation of the blood in specimen B has been prevented by 
the addition of an equal volume of a 0*4 per-cent. solution of potassium 
oxalate in normal saline solution. 

3. Put a small Quantity of A into three test-tubes and dilute each with 
about ten times its volume of liquid : 

A 1. With distilled water. 

A 2. With solation of flbrin-feiment containing a little calcium 
cbloiide ' 

A 3. With the same. 

4. Put A 1 and A 2 into the water-bath at 40° C. ; leave A 3 at the 
temperature of the air. A 1 coagulates slowly of not at all ; A3 coagu- 
lates rapidly : A 3 coagulates less rapidly than A 2. 

5. Add to some ofBafew drops of dilute(2 per-cent.) calcium-chloride 
solution : it coagulates, and more quickly, if the temperature is 40° C. 

BLOOD SERUM 

Blood serum is the fluid residue of the blood after the separation of the 
clot ; it is blood plasma iniiii's the fibrin which it yields. The general 
appearance of fibrin obtained by whipping fresh blood will already be 
familiar to the student, as he has used it in experiments on digestion. 

Serum has a yellowish tinge due to serum lutein, but as generally 
obtained it is often contaminated with a small amount of oxyhEemoglobin, 
and so looks reddish. It contains proteins (giving the general t»ts 

' An easy way of prepBring an impure hut eflioieut solutiQii of fibrin- fflnaent 
is to take 5 o.o, of blood semm and dilute it with & litre of distilled water. A partiitl 

grecipitation of globulin taken place, snd caiTies doivti the fenn^nt with it. After & 
iw hours poarolftha supernatant Quid and dissolTe thopreoifiitate in half a litre of 
tu> water to which a few dra)a of 2-per-cent. Bolutioo ol nalciuni chloride Uare been 
added. The solution can he tlieu given round to the class aa fibrin -fern lent. 
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already studied in Lesson V), extractives, and salts in solution. The 
proteins are senun albnmin and senim globulin. Fibrin-ferment 
thrombin is also present, and in the following experiments is precipitated 
with serum globulin. 

SEPARATION OF THE SERUM PROTEINS. - (a) Dilute serum with 
fifteen times its volume of water. It becomes cloudy owing to the partial 
precipitation of semm globulin. Add a few drops of 2 per-cent, acetic 
acid ; the precipitate becomes more abundant, but dissolves in excess of 
the acid. 

(b) Pass a stream of carbonic acid through serum diluted with twenty 
times its bulk of water. A partial precipitation of serum globulin occurs. 

(c) Saturate some serum with magnesium sulphate by adding crystals 
of the salt and grinding in a mortar. A precipitate of serum globulin is 
produced. 

(d) Half saturate the serum with ammonium sulphate by adding to it 
an equal volume of a saturated solution of the salt. Serum globulin is 
precipitated. 

(e) Completely saturate the serum with ammonium sulphate by 
adding crystals of the salt and grinding in a mortar ; a precipitate is 
produced of both the globulin and the albumin. Filter through a dry 
filter paper ; the filtrate contains no protein. 

(f) Put some serum in a dialyser with distilled water in the outer 
vessel. In a day or two, especially if the water in the outer vessel is 
changed frequently, the salts dialyse out into the water ; the proteins 
remain inside the dialyser ; of these the serum albumin and a fraction of 
the serum globulin (called pseudo-globulin) remain in solution, but the 
other fraction of the serum globulin (called euglobulin) is precipitated, 
as it requires salt to hold it in solution. 

(g) Whether serum albumin is a single protein or a mixture of 
several proteins is a matter of dispute. The only method by which it can 
be at present fractionated is the somewhat uncertain one of heat coagnla- 
tion. If the globulin is removed by saturation with magnesium sulphate, 
the filtrate, which contains serum albumin, when heated after faint 
acidulation with Z per-cent. acetic acid, deposits a fiocculent precipitate at 
about 73° C. Filter this oQ, and on heating the filtrate a second coagulnm 
is obtained at about 77"' C, and simUarly a third and very small fraction 

I separates out at 86° C. 

I H.ffiMOGLOBIN 

I 1. THE SPECTROSCOPE.- Direct the spectroscope to the window 

I and carefully focus Fraunhofer's lines. Note especially D in the yellow, 

I and E, the next well-marked line, in the green. 

I Direct the spectroscope to a luminous gas fiame ; these lines an 

I absent. Place a little sodium chloride in the flame. Notice the bright 

L yellow line in the position of the D line. 
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Z. SPECTROSCOPIC EXAMINATION OF BLOOD. -Take a series 
of sis test-tubes of about equal size. Fill the first with diluted 
defibriuated ox-blood (1 part of blood to 31 of water) ; then fill the 
second tube with the same mixture diluted with an equal bulk of water 
(1 in 64) ; half fill the third tube with this and fill up the tube with 
an equal bulk of water (1 in 128), and so on. The sixth tube will contain 
1 part of blood to 1024 of water and will be nearly colourless. 

3. Into another series of six test-tubes put a few drops of ammonium 
sulphide ; then pour in some of the contents of each of the first series and 
warm '■'='■,'/ gently. Another reducing agent called Stokes's reagent may be 
employed in this experiment in the place of ammonium sulphide. It must 
always be freshly prepared ; it is a solution of ferrous sulphate to which a 
little tartaric acid has been added, and then ammonia till the reaction is 
alkaline. The ammonia should not be added until just before it is used. 

4. Examine the tubes with the spectroscope and map out on a chart 
the typical absorption bands of oxyhEemoglobin in the first series, and of 
(reduced) haemoglobin in the second series. Notice that in the more 
dilute specimens of hfemoglobin the bands are no longer seen, whereas 
those of oxyhEemoglobin in specimens similarly diluted are still visible. 

5. Take a tube which shows the single band of reduced haemoglobin 
and shake it with the air ; the bright red colour returns to it and it shows 
spectroscopically the two bands of oxyheemoglobin for a short time. Con- 
tinue watching the two bands, and note that they fade and are replaced 
by a single band as reduction again occurs. 

6. BLOOD CRYSTALS. - Mix a drop of deflbrinated rat's blood on 
a slide with a drop of water, or mount it in a drop of Canada balsam. 
Examine the crystals of oxyhsemoglobin as they form. 

7. Smear a little blood, obtained by pricking the finger, on a slide, and 
allow it to dry ; cover, and run glacial acetic acid under the cover slip, and 
boil. Examine microscopically for the dark brown crystals of hsemin. 

8. CHEMICAL TESTS FOR BLOOB.- Onakwum Test. Take 
some tincture of guaiacum. and add a small quantity of blrod to it ; 
add to the mixture a little hydrogen peroxide (or most specimens of 
commercial turpentine will do as well) and a blue colour is developed. 
This test is due to the iron-containing radical in heemoglobin, and is 
given even after the blood has been previously boiled : repeat the test 
using some boiled blood. 

9. Adler'n Te.M. Take half a test-tube cf diluted blood (so dilute aa 
to be practically colourless) ; add a few drops of benzidine dissolved in 
glacial acetic acid, and a few drops of pure hydrogen peroxide : a blue 
colour develops immediately. Spectroscopically, this blue solution shows 
an absorption band in the yellow. This test is far more delicate than 
the guaiacum test, but its intensity is lessened if the blood has been 
praTiously boiled. It is a very convenient test for blood in urine. 
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OOAGTTLAnON OF BLOOD 

MicroBcopic mvesttgatioD oF vertebrate blood slions it tX) consist of 
a fluid (the blood plattma or liquor sanguinis) which holds in aiispenaion 
large numbers of corpuaeles ; the corpuscles are red or coloured 
(erythrocytes) ; white or colourless (leucocytes), and the blood platelets. 

After blood ie shed it rapidly becomes viscous and then sets into 
a firni red jelly. The jelly soon contracts and squeezes out a straw- 
coloured fluid called the serum, in which the shninkeii clot ultimat«ly- 
floats. With the microscope, filaments of fibrin are seen forming a net- 
work throTtghout the fluid, many radiatin g from small clumps oL blood 




h 



plateletS j, It is the formation of fibrin which is the essential act of 
coagulation : this entangles the corpusclea and forms the clot. Fibrin 
is formed from the plasma, and may he obtained free from corpuscles 
when blood plasma is allowed to clot, the corpuscles having previously 
been removed. It may also be obtained from blood by whipping it 
with a bunch of twigs j tlie tibriu adheres to the twigs and entangles 
but few corpuscles. These may be removed by washing with water. 
Seru m is pla sma m invs the fibrin which it yialds. The relation of 
plasma, senim, and o!ot can be seen at a glance in the following sehemo 
of the constituents of the blood : — ■ 

, ni (.Serum 

I flasma '. 
Blood -^^ 'Fibrin 

I Corpusclea ) Clot 

It may be roughly stated that in 100 parts by weight of blood 60-65 
parts consist of plasma and 35-40 of corpuscles. 

The fiitffi/ foat is seen when blood coagulates slowly, as in horsed 
blood. The red corpuscles sink more rapidly than the white, and 
the upper stratum of the clot (bufl'y coat) consists mainly of fibrin 
and white corpuscles. 

Coagulation is hastened by — 

1 , A temperature a little over that of the body, 

2. Contact with foreign matter. 
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^^^^H8. Injury to the vi'ssel walls. 
^^^m^^- Agitation. 

6. Addition of caluium salts. 

6. Injection of nucleo-protein produoea intravascular clotting 
(positive phase). Very minute doses, however, produce the opposite 
effect : namely, delay of coagulation (negative effect). 

Coagulation is hindered or prevented by — 

1. A low temperature. In a. vessel cooled by ice, coagulation may 
be prevented for an hour or more. 

2. The addition of a large quantity of neutral salts, ancli as sodium 
sulphate or magnesium sulphate. 

3. Addition of a soluble oxalate, flaoride or citrate. 

4. Injection of commercial peptone (which consists chiefly of 
proteoses) into the circulation of the living animal. 

5. Addition of leech extract to the blood, or injection of leech 
estract into the circulation while the animal is alive. 

G. Contact with the living vascular walls. 

7. Contact with oil. 

The cause of the coagulntion of the blood may be briefly stated as 
follows : — 

When blood is within the vessels one of the constituents of the 
plasma, a prote in of the gloimlin claaa ca lled fibrinogen, exista in a 
soluble form. 

When the blood is shed the fi brinoge n molecule is altered in such 
a way that it gives rise to the comparatively in solubl e material fibrin . 
The statement has been made that the fibrinogen molecule is split 
into two parte : one part is a globulin (librtnoglobuliu), which remains 
in solution ; the other and larger part is the insoluble substanco fibrin. 
It is, however, doubtful if this really represents what occurs, tor recent 
work seems to show that the librinoglobulin is not a product of 
fibrinogen, but exists in the blood plasma beforehand. At any rate, 
whether this is so or not, the fact remains that fibrin is the important 
product and tho only one which need concern us. 

The next question is. What causes the transformation of fibrinogen 
into fibrin! And the answer to that is, that the change is due to the 
activity of a special enzyme called fibrij i-fem ient or t hrombin . 

This enzyme does not exist in healthy biood contained in healthy 
blood-vessels, but is formed by the di^ntegration of the blood platelets 
and colourless corpuscles which occurs when the blood leaves the blood- 
Tessels or cornea into contact with foreign matter. Hence the blood 
does not coagulate during life. But, it will be said, disintegration of 
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the blood corpuscles occura during life ; why, then, does the blood not 
ooagul&te 1 The reason is that although the formed elements do > 
diainte^ate in the living blood, suth a phenomenon takes place very 
alowly and gradually, so that there can never in normal circunistancea ■ 
bo any massive liberation of fibrin-ferment, and, further, that thei 
agencies at work to neutralise the fibrin-ferment as it is formed. The 
most noteworthy of these neutralising fancies is the presence i 
blood of an anti-enzyme called antithromhin, analogous to the antipepsin 
and antitrypsin which, we have seen, are efficacioua in preventing the 
stomach and intestines from undergoing self- digestion. 

Nucleo-proteins (see pp. 62-65) obtained from most of the cellular 
organs of the body produce intravascular clotting when injected into 
the circulation of the living animal. In certain diseased conditions 
intravascular clotting, or thrombosis, sometimes occurs. This must bft 
due to the entrance of nucleo- protein into the circulation from dis- 
integrated cells. Nucleo-protein and thrombin are probably not 
identical ; but it is possible that the nucleo-protein may hold in looas 
combination or admixture another material called thrombo-kinaa%. 
which we shall be considering immediately. 

Thrombin is believed to originate chiefly from the blood plateleU 
and in part from the leucocytes. Birds' blood clots very slowly, and' 
the absence of blood platelets in this variety of blood will in parti' 
account for this. I.ymph which contains colourless corpuscles, but 
no platelets, also clots, so in this case the colourless corpuscles rotisti 
be t!ic source of the enzyme. One should, however, be careful i 
speaking of the disintegi'ation of leucocytes to i-emember that tt» 
word " disintegration " does not mean complete breakdown, leading b 
disappearance ; the colourless corpuscles do not appreciably diniii 
in number when the blood is shed, but what occurs in the survii 
leucocytes is a shedding out of certain products, among which fibrii| 
ferment is one. 

We have now traced fibrin- formation, the essential cause of bloo4 
clotting, to the activity of thrombin ; it is next necessary to alluc 
to what has been discovered in relation to the origin of thrombi^ 
Like other enzymes, it is preceded by a mother substance or Kymo( 
This zymogen is called prothrombin, or ihromhogMi, and there api 
to be two necessary agents conoerned in the conversion of thrombogei 
into thrombin : one of these is the action of calcium, mltn, the otheri 
the presence of an activating agent, analogous to entero-kinaae (h 
p. 90), and called ihromho-k inane. The exact role played by each is si 
a matter of speculation. 
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The part played by calcium salts is well ifluatrated by the fatt 
that coa^ilation in prevented by the decalcification of the blood. 
Thia can be accomplished by the addition of a small amount of aoluble 
oxalate or fluoride to the blood immediately it is shed. Tlie calcium 
of the bluod plasma is then immediately precipitated as iusohible 
calcium oxalate or fluoride, and in thus not available for the transforma- 
tion of thrombogen into thrombin. The addition of the oxalate or 
fluoride must be rapidly performed, otherwise time will be given for 
the conversion of thrombogen into thrombin, and thrombin, when 
formed, will act upon fibrinogen whether tbe calcium has been removed 
or not. [n other words, calcium is only neceaaary for the formation 
of fibrin-ferment, and not for the action of fibrin-ferment on fibrinogen. 
Fibrin is thus not a compound of calcium and fibrinogen. 

The action of a soluble citrate is also in a certain sense a decalcifying 
action. For although calcium citrate is a soluble salt it does not ionise in 
solution so as to liberate the free calcium ions which are essential for 
thrombin formation. 

Oxalated blood (or oxalated ploama) will clot when calcium is once 
more restored by the addition of a small amount of calcium chloride, 
but such an addition to fluoride plasma will not induce clotting ; 
thrombin must be added also. In Kome way sodium fluoridu interferes 
with the formation of thrambin, probably by preventing the liberation 
of thrombo-kinaae from the formed elements of the blood. 

The other activating agent, thromho-kinaHc, is in part liberated 
from the formed elements of the blood, but it ia also obtained from 
many other tissues. If a hemorrhage takes place under ordinary 
conditioua the blood as it flows from the wound passes over the 
muscles and skin which have been cut, and rapidly clots owing to the 
thrombo-kiuase supplied by those tissues. If blood is obtained by 
drawing it off through a perfectly clean cannula into a clean \-essel 
without allowing it to touch the tissues, it remains uuclotted for a 
long time : in the case of birds' blood thia time may extend to many 
days ; but tlie addition of a small piece of tissue such as muscle, or of 
an extract of such a tissue, produces almoat immediate clotting. If a 
solution of fil)rinogen is prepared and calcium added it will not clot ; 
if thrombin or a fluid such as serum which contains thrombin is added 
also it will clot. It will not clot if birds' plasma obtained as above is 
added to it ; nor if tissue extract is added to it : but if both are added 
it will- Id other words, the thrombogen of the birds' plasma plus the 
nmbo-kinaae of the tissue extract have the same eflect as thrombin, 
r The next point to consider is why blood obtained after the previous 
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injeotioD of proteoses (or commercial peptone) into the circulatitw; 
flhould not clot. It certainly contains calciure salts, and probablj' 
both thronibogeii and thrombo-kinaae, for it can be made to clot with- 
out the addition of either ; for instance, by dilution or the passage o( 
a stream of carbon dioxide through it. There must be Homethiog in 
peptone blood which antagoniaeB the action of thrombin. This some- 
thing is an excess of an ti thrombin. Peptone will not binder blood 
coagulation, or only very slightly if it is added to the blood after it ii 
shed. The anti thrombin must therefore have been added to the 
blood while it was circulating in the body. We can even go further 
tlian this and say what part of the body it is which in concpraed in the 
production of antithrombin ; it is the liver, for if the liver is shut o 
from the circulation, peptone is ineffective in its action. The converea 
experiment confirms this concluBion, for if a solution of peptone is 
artificially perfused through an excised surviving liver, a substance ift' 
formed which has the power of hindering or preventing the coagulatioa 
of shed blood. 

We are thus justified in two conclusions ; — 

(1) That the antithrombin which ia normally present in healthy 
blood in sufficient quantities to prevent intravascular clotting, 
formed in the liver. 

(2) That commercial peptone: in virtue of the proteoses it contains 
stimulates this action of the liver to such an extraordinary degreei 
that the accumulation of antithrombin in the blood becomes suffi- 
ciently great to prevent the blood from clotting even after it is shed. 

It should be noted, however, that this effect upon the liver variea ■ 
in different animals, and is most marked in the dog. Peptone blood is ^ 
very poor in leucocytes, but the cause of their disappearance ia not 
clear. 

We shall concUide by considering only one more of the hindranoea 
to ooagulation, and that by no means the least interesting. The 
leech lives by sucking the blood of other animals ; from the leech's. 
point of view it is therefore necessary that the blood should flow 
freely and not clot. The glands at the head end of the leech, often 
spoken of rouglily as the salivary glands, secrete something which 
hinders the blood from coagulating, and everyone who has been treated 
by leeches knows by experience how difficult it is to prevent a leech'bit* 
from bleeding after the leech has been removed ; complete cleansing JB 
necessary to wash away the leech's secretion from the wound. Now if. 
an extract of leeches' heads is made with salt solution and filtered, Chat; 
fluid will prevent ooagulation, whether it is injected into the blood- 
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stream or added to shed blood. The Biibstance id tiic cxtrat^t i 
hirudin, and this is believed to be an ti thrombin itself. 



We may aumniariae our present knowledg 
tion in the following tabular way : — 

From the platelets, 
and to a leBser degree 
from the leiiuocytes, a 
material is shed out 
called^ 



of the cauees of coagula- 

From the formed 
elements of the blood, 
but also from the tiasiies 
over which the escaping 
blood flows, is shed out 
an activating agent 
called 
Thhombo-kinabb, 



In the blood plasm: 
a protein substance ei 



P 



In the presenoe of calcium salts, thrombo- 
inasc activates thrombogen in iiucli a way that 
a active enzyme is produced, which is called 
Thrombin. 



Thrombin or fibrin-ferment aeta on fibriootjen in such a way that it 
transformed into the insoluble atringy material which is called 
Fibrin, 

The views enumerated in the preceding paragraphs ure in tiie main 
those of Morawitz. . Howell threes that the lack of coagulation seen in 
birds' blood and peptone blood ia due to excess of antithrombin, but 
holds that thrombo-kinaiie (or thrombo-plaatin, as he terms it) brings 
about clotting not by activating thrombogen, but by neutralising anti- 
thrombin. He further thinks that thromboplastin is a lipoid. 

TEE PLASMA AND SEBUM 

The liquid in which the corpuscles float may be obtained by employ- 
ing one or other of the methods already described for preventing the 
blood from coagulating. The corpuscles, being heavy, sink, and the 
supernatant plasma can then be removed by a pipette or siphon ; the 
separation can be effected more thoroughly and rapidly by the use of 
a centrifugal machine. 

On counteraoting the influence which has prevented the blood from 
coagulating, the plasma then itself coagulates. The plasma obtained 
by the use of cold, clots on warming gently : plasma which has been 
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decalcified by the action of soluble oxalate clots on the addition of 
a calcium salt; plasma obtained hj the use of a strong solution of 
salt coagulates when this is diluted by the addition of water, the 
addition of thrombin being neceseary in most cases ; where coagitlation 
occurs without the addition of thrombin, no doubt some is present 
from the partial disintegration of the corpuscles which has already 
occurred. Pericardial and hydrocele fluids resemble pure plasma very 
closely in composition. Am a role, however, they contain few or no 
white corpuscles, and do not clot spontAueoualy, but after the addition 
of thrombin or liquids such as serum which contain thrombin they 
always yield fibrin, 

I'ure plasma may be obtained from horse's veins by what is known 
as the "living test-tube" experiment. If the jugular vein is ligatured 
in two places, so as to include a quantity of blood within it, then 
removed from the animal and hung in a cool place, the blood will not 
cot^ulate for many hours. The corpuscles settle, and the supernatant 
plasma can be removed with a pipette. 

The plasma is alkaline, yellowish in tint, and its specific gravity is 
about 1026 to 1029. 

Its chiof constituents may be enumerated as follows ; — 
1000 parts of plasma contain — 

Water 902-90 

Solids 97-10 

Proteins: 1, yield of fibrin . 4-06 

2, other proteins . 78-8i . 

Extractives (including fat) . . 5-66 

Inorganic salts ...... 8'55 

In round numbers plasma contains 10 per cent, of solids, of which 8 are 
protein in nature. 

Serum contains the same three classes of constituents — proteins, 
extractives, and salts. The extractives and salts are the same in the 
two liquids. The proteins differ, as is shown in the following table :— 
Proteiiis of Plaima. Proteins of Serum. 

Fibrinogen. Serum globulin. 

Serum globulin. Serum albumin. 

Serum albumin. Thrombin. 

The gases of the plasma and serum are small quantities of oxygen, 
nitrogen, and carbonic acid. The greater part of the oxygen of the 
blood is combined in the red corpuscles with htemoglobin ; the carbonic 
acid is chiefly combined as carbonates (see Respiration). 
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We may now consider one by oiiu tlie viirious oonstitumU of the 
plasma and serum. 

A. Froteiiu, — Filtriiu?gen. — This ia the parent aubstiinoe of fibrin. 
It ie a globulin. It differs from serum globulin, and may be separated 
from it by tlie fact that lialf saturation with sodium ahloride preeipi- 
tates it. It coagidatea by beat at thd low temperature of 66° C. Aa 
judged from the yield of fibrin, it is the least abundant of the proteins 
of the plasma (see table on p, 143). 

Stnim Globulin and Serimi Allntmin.— These substauces, which are 
typical of the globulin and albumin groups of proteins, are considered 
in the practical exercises at the bead of this lesson ; see also Lesson 
V, p. 59. Both serum globulin and serum albumin probably consist of 
more than one protein substance (see practical eiercises / and </ in 
to-day's lesson). 

Thrombin.. — Schmidt's method of preparing it is to take serum and 
add excess of alcohol. This precipitates all the proteins, and also 
thrombin. After some weeks the alcohol is poured off; the serum 
globulin and serum albumin have been by this means rendered insoluble 
in water; an aqueous extract is, however, found to contain thrombin, 
which is not ho easily copulated by alcohol as the proteins are, 
A simpler method of preparing fibrin ferment in an impure but efficient 
form is given in the footnote on p. 133. 

B. EitractiTea. — These are non-nitrogonoua and nitrogenous. The 
non-nitrogenoua are sugar {012 per cent.), fats, soaps, cholesterol and 
cholesterol esters ; and the nitrogenous are urea (0*02 to 0'04 per cent.) 
and still smaller quantities of uric acid, creatine, creatinine, xanthine, 
hyposanthine, and amino-acids. 

0. Salts. ^The most abundant salt is sodium chloride: it consti- 
tutes between 60 and 90 per cent, of the total mineral matter. Potassium 
chloride is present in much smaller amount. It constitutes about 4 per 
cent, of the total ash. The other salts are pbospliates and sulphates. 

Schmidt gives the following table ; — 

11000 parts of plasma yield— 
' Mineral matter ... 8*5.50 
Chlorine 3-640 
. SOg O'llS 
L PgOj 0191 
I Potassium 0-323 
I Sodium 3'341 
I Calcium phosphate 0311 
I Magnesium phosphate .... 0-322 
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THE WHITE BLOOD OOBPUSOLES 

These corpiiaclea are typical animal cells. Their uiiclcua consists. 
of niiclein ; their cell -protoplasm yields protein belooging to the micleo- 
protein aud globulin groups. The protoplasm of these cells also 
contains small quantities of tat, lipoids, and glycogen. 



THE RED BLOOD CORPUSCLES 

The red blood corpuscles are much more luimerouM than the white, 
averaging in man 5,000,000 per cubic millimetre, or 400 to 600 n 
each white corpuscle. The method of enumeration of the corpuscles 
is described in the Appendix. 

They vary in size and structure in different groups of Tertobrates. 

Ill mammals they are biconcave (except in the camel tribe, where they 

are biconvex) non-nucleated discs, in man averaging ^-jVir ^"^ '^ 

, - diameter ; during fcetal life nucleated reel 

In ^ ^^ /^ corpuscles are, however, found. In birds* 
" W *' ^ reptiles, amphibians, and fishes they 
i^ biconvei oval discs with a nucleus ; thoy 

'■^St" S'C~^ ^'"'^ largest in the amphibia, 

Kio "3 -at HI iv a'nt Water causes the corpuscles to swell up,, 

water ou a ted biijmi ■^"puade ; and dissolves out the red pigment (oxyhtemo- 
Mitsoiutign: B.nctionoitanain globin), leavind a globular colourless b 

on a red ontpiiscle, ? " ^, ,,,-,. 

brane or stroma. This is termed taking the 
blood. Laking or h<sm.olyus is also produced by soaps, bile salts, and 
other substances. Strong salt solution causes the corpuscles to shrink 
they become crenated or wrinkled. The action of water and salt 
solution is explained by the esintence of a membrane on the BUrfa4» 
of the corpuscles through which osmosis takes place. Physiologioal 
salt tohition {09 percent, sodium chloride) produces no change aa 
it has the same osmotic pressure as blood plasma. Dilute alkalit 
(0'2 per-cent. potash) dissolve the corpuscles. Dilute acid» {1 pter-oent. 
acetic acid) act like water, and in nucleated corpuscles render the 
nucieus distinct. Tannic and causes a discharge of hteraoglobin from 
the stroma, but this is immediately altered and precipitated, 
remains adherent to the stroma as a brown globule, consisting prob- 
ably of btematin. Boric acid acts similarly, but in nucleated red 
corpuscles the pigment collects chiefly round the nucleus, which may 
then be extruded from the corpuscles. 
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OompOBitiOQ. — 1000 parts of red oorpueoles contain — 

i Water 688 parts 
k Solids i"^g^"'° 
; 
Tl 



l inorganic ..... 8"13 „ 

•100 parts of dried cdrpiiscleB contain — - 

Proteio . . . . - . . 5 to 13 parts 

Haimoglobin . . . . . . 86 „ 94 „ 

PhosphatideB calculated as lecithin . .1-8 part 

CholoBterol 01 „ 



The protein present appeara to be identical with the nucleo-protein 
of white corpuscles. The mineral matter consiata chiefly of chlorides 
of potassium and sodium, and phosphates of calcium and magnesium. 
In most animals, including man, potassium chloride is more abundant 
than sodium chloride. 

Oxygen is contained in combination with the heemc^lobin to form 
oxyhsemoglobin. The corpuscles also contain a certain amount of 
carbonic acid (see Respiration, at the end of this lesson). 

The Figment of the Red Corpuaclea. — The pigment is by far the 
most abundant and important of the constituents of the red corpuscles. 
It differs from most other proteins in containing the element iron ; it 
is also readily crystallisable. 

It exiBta in the blood in two conditions ; in arterial blood it ia com- 
bined loosely with oxygen, is of a bright red colour, and is called oiy- 
hwmoglobin ; the other condition is the deosygenated or reduced 
hemoglobin (better called simply hfemoglobin). This is found in the 
blood after asphyxia. It also occurs in all venous blood — that ia, 
blood which ia returniog to the heart after it has supplied the tissues 
with oxygen. Venous blood, however, always contains a considerable 
quantity of oxyhiomoglobin also. Hfemoglobin is the oxygen -carrier of 
the body, and it may be called a respiratory pigment. 

Crystals of oxyhremoglobin may be obtained with roadinesa from 
the blood of such animals as the rat, guinea-pig, or dog ; with ditfloulty 
from other animals, such as man, ape, and most of the common 
mammals. The following methods are the best ; — 

1. Mix. a drop of deiibrinated blood of the rat on a slide with a 
drop of water ; put on a cover glass ; in a few minutes the corpuscles 
are rendered colourless, and then the oxyhremoglobin crystalliseB 
out from the solution so formed. 

Microscopical preparations may alao be made by Stein's method, 

10 
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which consists in using Canada balsam instead of water in the above 
experiment. 

3. On a larger scale the crystals may be obtained by laking the 
blood by shaking it with one-sixteenth of its volume of ether. After 
a period, varying from a few minutes to days, abundant crystals are 
deposited. The laking of blood by ether and similar reagents is due 
to their solvent effects on the lipoids of the cell membrane. The 
accompanying illustrations (fig. 24) represent the form of the crystals 
so obtained. 

In nearly all animals the crystals are rhombic prisms ; but in the 
guinea-pig they are rhombic tetrahedra (four-sided pyramids) ; in the 
rel, hexagonal plates ; and in the 
hamster, rhombohedra and hexagonal 
plates. 

The crystals also contain a varying 
amount of water of crystallisation : 
this may explain their different crystal- 
line forms and solubilities. The vary- 
ing form of the crystals does not 
therefore prove that the hnmt^Iobin 
of different animals has a different 
composition, for it has been shown 
that the crystals of one form can be 
transformed on recrystallisation into 
those of another form and then back 
again into the original form. The 
iline form of baemc^lobin is, 
however, no guarantee of the purity of 
the substance, for after many recrystal- 
e form remains unaltered, the cleavage 
products obtained on hydrolysis are different ; for instance, no glycine 
is found after many recrystatlisationa (Abderhalden), The hemoglobin 
molecule contains carbon, hydrogen, nitrf^en, oxygen, sulphur, and 
iron. The percent^e of iron is about 0'4, but varies in different pre- 
parations. Oxyhajriioglobin may be estimated in the blood (1) by the 
amonnt of iron in the ash, or (2) by certain colorimetric methods 
which are described in the Appendix. 

Hromoglobin is a conjugated protein, and on the addition of an 
acid or alkali it is broken up into two parts, a protein called fftobin, 
and a brown pigment called kamatin, which contains all the iron of the 
original substance. 



guinea-pig they are rhombic tet: 

KiG. 24.— OiyhiemoglobliicryitaliniBgiil- 
lled : 1. from hniDiia blood ; £, iTooi the 
gulneapteif - - ■— ■ ■ > - 



lisations, although the crystallin 



Digilizcd by Google 



THE RED BLOOD CORPUSCLES 147 

Globin is coagiilabla by heat, soluble in dilute a«ids, and precipitable 
from such sulutions by auimouia. It is a member of the group of 
proteins called histories (see p. 59). 

Htematiii ia not crystallisable : its formula is Cj^Hjj ,„ gjOjN^Fe. 
It preseuta different spectroscopic appearauoes in acid and alkaline 
solutions, and yields several, products under the influence of certain 
reagents. We shall mention only four of these i haemochromogen, 
hsemin, hfematoporphyrin, and htemopyrrol. 

HsmochiDmOKSQ or reduced hiematin is obtained by adding a 
reducing agent to an alkaline solution of hiematin ; it has recently 
been obtained in crystalline form. Its absorption spectrum forms the 
most delicate spectroscopic test for blood pigment. 

HEemin is of great importance, as the obtaining of this subHtanoe 
in a crystalline form is the best _ ^ Ji_ 

chemical test for blood. Hjemin '^-\j. ^^ 

crystals, aometimea called Teich- "T^/ H — Jk' *^ ^^t- 

mann'8 crystals, are prepared for y/ "^ ^ "^ / ^^ '^ 

microscopic examination by boiling ^ ^ vi. 

a fragment of dried blood with a \ "^^ j > ^^ "L^ ^ j 
drop of glacial acetic acid on a slide ; '^^'0^ "V "^''-f 

on cooling, dark-brown plates and jj ^^ .^ '!,«ii V* 

prifsms belonging to the triclinic .^. i ^ ^^i "" 

system, often in star-shaped clusters — *> -^ ^^ ^ 

and with roimded angles (fig. 25), "■^' '* Z "fe— 

Iflo.aB.— H^iulneryaUlsmagniflod. (Pcojar.) 

separate out. 

In the case of an old bloodstain it ia necessary to add a crystal 
of sodium chloride. Fresh blood contains sulhcient sodium chloride 
in itself. The action of the acetic acid is to split the hEemoglobin into 
htematin and globin. A hydroxyl gruup of the hiematin is then re- 
placed by chlorine. It is similarly easily replaceable by an atom of 
bromine or iodine. Nencki has further shown that, when prepared in 
this way, htemin also contains the acetyl group. It has the empirical 
formula Cg^H^.j ,„ j^O^N^FeCl. 

HauaatopoTphyrin (CjjHjgOgN^) ia iron-free heematin ; it may be pre- 
pared by mising blood with strong sulphuric acid ; the iron is taken out 
as ferrous sulphate. This substance is also found sometimes in nature ; 
it oocurs in certain invertebrate pigments, and may also be found in 
certain forms of pathological urine. Even normal urine contains traces 
of it. It shows well-marked spectroscopic bands, and so ia not identical 
with the iron-free derivative of hsemoglobin called hrematoidin which ia 
formed in extravasations of blood in the body (see p. 121), 
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Hemopyrtol 's dimethyl-ethyl-pyrrol, with the formula 
CHg.C— C— CjHj 

CH,.C CH 
\/ 
N.H 

and is obtained by reduction from htematoporphyrin. It is also 
similarly obtained from the derivative of chlorophyll called phyllo- 
porphyriu, a fact which illustrates the near relationship of the principal 
animal and vegetable pigments. 

COMPOUNDS OF H^MOaLOBIN WITH OASES 

Haemoglobin forms at least four compounds with gases : — 
( 1. Osyhsemoglobin. 
With oiygen | ^ Methamoglobin. 

With carbon monoxide 3. Carbonic oxide hfemoglobio. 

With nitric oxide 4. Nitric oxide haemoglobin. 

These compounds have similar crystalline forms : each consists of 
a molecule of htemoglobin combined with one of the gas. They part 
with the combined gas somewhat readily, and are arranged in order of 
stability in the above list, the least stable first. 

Oxyluemoglobin ia the compound that exists in arterial blood. The 
oxygen linked to the hBemoglobin, which is removed by the tissues 
through which the blood circulates, may be called the respiratory 
oxygen of hemoglobin. The processes that occur in the lungs and 
tissues, resulting in the oxygenation and deoxygenation respectively 
of the hEemt^lobin, may be imitated outside the body, using either 
blood or pure solutions of hasmoglobin. The respiratory oxygen can 
be removed, for example, in the Torricellian vacuum of a mercurial 
air pump, or by passing a neutral gas such as hydrogen through the 
blood or by the use of reducing agenta such as ammonium sulphide 
or Stokes's reagent {an ammoniacal solution of ferrous tartrate). One 
gramme of haemoglobin will combine with 1-34 c.c. of oxygen. 

If any of these methods for reducing oxyhtemoglobin is used, the 
bright red (arterial) colour of oxyhaimoglobin changes to the purplish 
(venous) tint of hitmoglobin. On once more allowing oxygen to come 
into contact with the hemoglobin, as by shaking the solution with the 
air, the bright arterial colour returns. 

These colour-changes may bo more accurately studied with the 
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upectroacope, and the constant poaition of the absorption bands seen 
conatitutea an iniporttiDt test for blood pigment. 

Tie Spectroscope.^ When a ray of white light is itasaed through a 
priBm, it is refracted or bent at each surface of the priatii ; the whole 
i-ay is, however, not equally bent, but it is split into its conatituent 
I colours, which may be allowed to fall on a ecreen. The band of colours 
beginning with the red, passing through orange, yellow, green, blue, and 
ending with violet, is called a spectrum- : thia is seen in nature in the 
rainbow. 

The spectrum of sunlight is interrupted by nnmerous dark lines 
crossing it vertically called Fraunhofer's lines. These are perfectly 
constant in position, and serve as landmarks in the spectrum. The 
moat prominent are A, B, and 0, in the red ; D, in the yellow ; E, b, 
and F, in the green ; G and H, in the violet. Tliese lines are due to 
certain volatile subatances in the solar atmosphere. If the light from 
burning sodium or its compounds is examined spectixiscopically, it 
will be found to give a bright yellow line, or rather two bright yellow 
lines very close together. Potasaium gives two bright red lines and one 
violet line ; and the other elements, when incandescent, give character- 
istic hnes, but none so simple as sodium. If now the flame of an 
ordinary lamp be examined, it will be found to give a continuous apectrum 
like that of sunlight in the arrangement of its colours, but unlike it in 
the absence of dark lines ; but if the light from the lamp be made to 
pass through sodium vapour before it reaches the spectroscope, the 
bright yellow light will be found absent, and in its place a dark line, or 
rather two dark lines very close together, occupy the same position 
as the two bright lines of the sodium spectrum. The sodium vapour 
thus absorbs the saine lays as those which it itself produces at a higher 
temperature. Thus the D line, as we term it, in the solar apectrum is 
due to the presence of sodium vapour in the solar atmosphere, Tlie 
other dark lines are similarly accounted for by other elements. 

The large form of spectroscope (fig. 26) consists of a tube A, called 
the collimator with a slit at the end S, and a convex Ions at the end L. 
The latter u akes the nys of light passing through the slit from the 
source of 1 ght parallel they fall on the prism P, and then the spectrum 
so formed a fo<.u8sed bj the telescope T, 

A th rd tube not shown in the figure, carries a small transparent 
scale of wa e-1 ngths ao that the position of any point in the spectrum 
may be given m terms of the corresponding wave-lengths. 

If we now interpose between the SDiiroe of light and the slit S a 
piece of coloured glass (H in fig, 2fi), or a solution of a coloured substance 
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oontHiaed in a veusel with parallel aides, the spectrum is found to be 
longer tontiniioiia, but ia interrupted by a number of dark shadows, 
abtorption ba/nd«, corresponding to the light abaorbed by the coloured 
medium. Thus a solution of osyhtemoglobin of a certain atrengtJi 
gives two bands between the D and E lines ; hfcmoglobin gives 




one ; and other red solutioua, though to the naked eye aimili 
osjhiemoglobin, will give characteristic hands in other positions. 

A convenient form of small spectroscope is the direet-vigion 
leope, in which, by an arrangement of alternating prisms of crown u 
flint glass (see fig. 27), the spectrum ia observed by the eye in il 
e as tho tiilic funiished with the tilit, Sucli small specti 




tl 



scopes may for convenience be mounted on a stand provided with i 
gaa-burner and a. receptacle for the test-tube (see fig. 28). Id ths*] 
examination of the spectrum of small coloured objects, a cDuibinatu)) 
of the microscope and direct-vision spectroscope, called the micro-tpwtr 
scope, is used. 

Fig. 29 illustrates a method of representing absorption apeotc 
diagram maticaily. The solution was examined in a layer 1 centim 
thick. The base line has on it at the proper distances the chief FVaiq 
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hofer liuea, and along the light-hand edges are the percentage amounts 
of oxyhEemoglobin present in I, of heemoglobin in IF. The width of the 




shadings at each level repreaenta the position and amo 
Bspoiiding to the percentages. 
LTbe oliaracteristic spectrnni of uxyhfemoglobiii 
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appears through the spectroscope, is seen in the nest figure (fig. 30; J 
apeotrum 3). There are two diatiuct absorption hands between thej 
D and E lines; the one nearest to D (the o band) is narrower, darker,.r 
and has better defined edges than the other (the ji band). Aa will be I 
seen on looking at fig. 29, a solution of oxyhteuioglobin of concentration J 
greater than 065 per cent, and less than 0'85 per cent, (eiamiued in a ■ 
cell of the usual thickness of 1 oentimetre) gives one thick band a 
lapping both D and E, and a stronger solution only lets the red light >| 
through between C and D. A solution which gives the two character- f 
istic hands muet therefore be a very dilute one. The one hand {y band)'J 




b 



Fis.au.~l, Solar Epeotrum; 2, upectmm or nifhsiuoglol)!] 
of hmnoglribln : 4, apectrnm of CO-hsmUKlobiD; B, 

of hiemoglobin (fig. 30, spectrum 3) is not so well defined ae the a and j 
|S bands. On dilution it fades rapidly, so that in a solution of such s 4 
strength that both bands of oxjhieinoglobin would be quite distinct 1 
the single band of hienioglohin has disappeared from view. Tha I 
oxyhEemoglobin bands can be distinguished in a sohition which oontainal 
only one part of the pigment to 1 0,000 of water, and even in more dilutel 
solutions which seem to he colourless the a. band is still visible. 

Metluemoglobiii.^This may be produced artificially by adding \ 
such reagents as potassium fevricyanide or ainyl nitrite to a aolutioD I 
of oxyhsemoglobin ; it may also occur in certain diseased conditions n 
in the urine ; it is therefore of considerable practical importance. It-fl 
can be crystallised, and is found to contain the same amount of o^ge 
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as oxyhtemoglobiD, only combined dillerently. The oxygen is not 
removable by the air-pump, uor by a stream of a, neutral gas auub as 
hydrogen. It oan, however, by reducing ageutH such as ammonium 
Bulpliide, be made to yield hiemoglobiu. Methsemoglobin is of a 
brownish-red colour, and gives a characteristic absorption band in the 
red between the C and D lines (fig. 30, spectriim 5). 

The Eerricyanide of potaaaium or sodium not only causes the 
conversion of osyhiemoglohiu into methEemoglobin, but if the reagent 
is added to blood whioh has been previously laked by the addition of 
twice its vohirae of water there is an evolution of onygen. If a smaU 
amount of sodium carbonate or ammonia is added as well to prevent 
the evolution of any carbonic acid, and the oxygen is collected and 
measured, it is found that all the oxygen previously combined in 
oxyhicmoglobin is discharged. This is at lirat sight puizling, because, 
as just stated, methtemoglobin contains the game amount of oxygen 
that is present in oiyhtemoglobin What occurs is that, after the 
oiygen is discharged from osyhicmoglobin, an equal quantity of 
oxygen takes its place from the reagents added. The oxygen atoms 
of the methsemoglobin must be attached to a different part of the 
hfeniatin group from the oxygen atoms of the oxyhtemoglobin, so that 
the heematiu group when thus altered loses its power of combining 
with oxygen and carbonic oxide to form compounds which are disso- 
ciable in a vacuum. 

Haldane, to whom we owe these interesting results, gives the 
following provisional eijuation to represent what occurs; — 
IlbO,, + 4Na^Cy.Fe + 4NaHC;0y = HbO„ + iNa^Cy^Fo 

► luiyhiBtno. iBodiuio (etrt- {sodiurn Wear- [inetbiunio- (aodimn teiro. 

glDbiu] cyauldej bonale] globln] uyapiJe] 

[ciri»«,l,i lw.terl loijgenl 
Heidi 

Carbonic Oxide Hfemoglobin may he readily prepared by passing 
a stream of carbonii/ o.'iide or coal gas through blood or through a 
solution ut oxyliasmoglobin. It has a peculiar cherry-red colour. Its 
absorption spectrum is very like that of oiyhwrac^lobin, but the two 
bands are slightly nearer the violet end of the spectrum (fig, 30, spec- 
trum 4), Reducing agents, such as ammonium sulphide, do not change 
it; the gas is more firmly combined than the oxygen in oxyhiemoglobin. 
CO-hffimoglobin forma crystals like those of oxyhtemogiobio : it resists 
putrefaction tor a very long time. 

Carbonic oside is given off during the imperfect combustion of carbon 
such as occurs in charcoal stoves; it is a powerful poison combining 
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with the bi»moglobiD of the blood, and thus interfering with Bomial 
respiratory procesHes. The colour of the blood and its reBistance to 
reducing agents are in such cases characteristic. 

Nitric Oxide H»moglohin.— When ammonia is added to blood, and 
then a stream of nitric oxide is passed through it, this compound is 
formed. It may be obtained in erystalB isomorphoiis with oiy- and 
CO-heemoglobin. It also has a similar spectrum. It is even more 

lie than CO-hasmoglobin ; it has little practical interest, but is of 
theoretical importance aa completing the series. 

TESTS FOB BLOOD 
These may be gathered from preceding descriptions. Briefly, they 
are microscopic, spectroscopic, and chemical. The best cheiuioal teat 
. the formation of hsemin crystals. The old test with tincture of 
guaiacum and hydrogen peroxide, the blood causing the tincture 
to become blue, is not very trustworthy, as it is also given by many 
other organic substances. The test for instance is given by milk, and 
is there due to the presence of an enzyme called a peroxiilnge, which is 
destroyed by boihng. Boiled blood, however, gives the test as well as 
fresh blood, and the reaction ia due to the presence of the iron- 
containing radical of heemoglobin. 

In medico-legal cases it is often necessary to ascertain whether & 
red fluid or stain upon clothing is or is aot blood. In any such oaae 
it is advisable not to rely upon one test only, but to try every means 
of detection at one's disposal. To discover whether it is blood or not 
is by no means a difficult problem, but to distinguish human blood 
from that of the common mamniiils is possible only by the "biological" 
test described at the end of the next section. 

lUMlINirY 

The chemical defences of the body against injury and disease are 
numerous. The property of coagulating which the blood possesses is a 
defence against hremorrhage ; the acid of the gastric juice is a protection 
against harmful bacteria introduced with food. Bacterial activity in 
urine is inhibited by the acidity of that secretion. 

Far more important and widespread in its effects than any of the 
foregoing is the bactericidal {i.e. bacteria-killing) action of the blood 
and lymph ; a study of this question has led to many interesting results, 
especially in connection with the important problem of immunity. 

It ia a familiar fact that one attack of many of the infective maladies 
protects US against another attack, of the same disease. The person is 
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rsaid to be itiwiune, either partially or completely, against that dieeose. 
TftCciuatioa produces in a patient an attack of cowpox or vaccinia. 
This disease is either closely related to smallpox, or may be it is small- 
pox modified and rendered less malignant by passing through the body 
of a calf. At any rate, an attack of vaccinia renders a person immune 
to smallpos for a certain number of years. Vaccination is an instance 
of what is called protective inoculation, which ia now practised with 
more or leas Bucoess in reference to other diseases, auch as plague and 
typhoid fever. The study of immunity has also rendered possible 
what may be called mtrative inoetdatton, or the injection of antitoxic 
material as a cure for diphtheria, tetanus, snake-poisoning, etc. 

The power the blood possesses of slaying bacteria is not limited to 

the colourless corpuscles or phagori/tei, but is also a property of the 

fluid part of the blood, at any rate in the case of some microHsrgantsma. 

The chemical characters of the substances which kill the bacteria are 

I not fully known ; but they appear to be protein in nature. The 

I bactericidal powers of blood are destroyed by heating it for an hour 

ft to 55° C. The substances, whatever be their source or their chemical 

I nature, are called liactei-io-lysiiu. 

Closely allied to the bactericidal power of blood, or blood aenim, 

I'ia its globulicidai power. By this one means that the blood serum of 

[ one animal has the power of dissolving the red bloorl corpusoles of 

t another species. If the serum of one animal is injected into the blood- 

I stream of an animal of another species, the result is a destniction of 

\ its red corpuacles, which may be so excessive ae to lead to the passing 

' of the liberated htemoglobin into the urine (haamoglobiouria). The 

substances in the serum that possess this property are called hcetnoli/sim, 

and though there is some doubt whether bacterio-lysins and hiemolysins 

are absolutely identical, there ia no doubt that they are closely related. 

Normal blood thus possesses not only phagocytes, which eat up 

bacteria, but also a certain amoimt of chemical substances which are 

inimical to the life of our bacterial foes. But suppose a person gets 

1 down " ; everyone knows lie is then more liable to " catch any- 

■ Ithing." This coincides with a diminution in the bactericidal power of 

P sis blood. But even a perfectly healthy person has not an unlimited 

Kmpply of bacterio-lysins, aud if the bacteria are sufficiently numerous 

will fall a viotim to the disease they produce. Here, liowever, 

les in the remarkable part of the defence. In the struggle he will 

ftroduce more and more bactcrio-tysin, and if he gets well it means 

lat the bacteria arc finally vanquished, and his blood remains rich 

1 the particular bacterio-lysin he h^ produced, and so will render 



j ii Cioo^ 



166 ESSENTIALS OF CHEMICAL PHYSIOLOGY 



f 

^^^B Every bacterium seemB to ouuse the develapmeut of a. specific anti- 
^^^P subBtancQ. 

^^^B Immuoity can more CDnveniently be produced gradually in animals, 

^^^f and this applies, not only to the bacteria, but also to the toxins they 
P form. If, for instance, the bacilli which produce diphtheria are grown 

in a suitable medium, they produce the diphtheria poison, or toxin, 
[ much in the same way that ycast-cella will produce alcohol when grown 

in a solution of sugar. Diphtheria toxin is associated with a proteose, 
as is also the case with the poison of snake venom. If a certain smal 
dose called a "lethal dose" is injected into a guinea-pig the result ii 
death. But if the guinea-pig receives a smaller dose it will recover ; 
a. few days after it will stand a rather larger doee ; and this may be 
continued until, after many successive gradually increasing doses, it 
will finally stand an anioimt equal to many lethal doses without any 
ill effects. The gradual introduction of the toxin has called forth the 
production of an antitoxin. If this is done in the horse instead of the 
guinea-pig the production of antitoxin is still more marked, and the 
serum obtained from the blood of an immunised horse may be used 
for injecting into human beings suffering from diphtheria, and it rapidly 
cures the disease. The two actions of the blood, antitoxic and anti- 
bacterial, are frequently associated, but may be entirely distinct. 

The antitoxin is also & protein probably of the nature of a globulin ; 
at any rate it is a protein of larger molecular weight than a proteose. 
This suggests a practical point. In the case of snake-poisoning the 
poison gets into the blood rapidly owing to the comparative ease with 
which it diffuses, and so it is quickly carried all over the body. In 
treatment with the antitoxin or antivenin, speed is everything if life 
is to be saved ; injection of this mateiial under the ^kin is not much 
good, for the diffusiou into the blood is too slow. It should be injected 
straight away into a blood-vessel. 

There is no doubt that in these cases the antitoxin neutralises the 
toxin much in the same way that an aoid neutralises an alkali. If the 
toxin and antitoxin are mixed in a test-tube, and time allowed for the 
interaction to occur, the result is an innocuous mixture. The toxin, 
however, is merely neutralised, not destroyed ; for if the mixture 
in the test-tube is heated to 68° C., the antitoxin is coagulated and 
destroyed, and the toxin remains as poisonous as ever. 

The Bubstanoea which on injection provoke the appearance of antidotes of 
this nature are either proteins, or are protein-like. They are called aTUigtJia. 
Immunity is distinguished into active and piuaiv. Active immunity is 




^ 




IMMUNITY 167 




iduced bj the devBlopmeat of protective 
immunitf by the mjection of a, protective t 
permanent. 

J?icin, the poisonous protein of castor -oil seeds, and airin, that of the 
Jequirity bean, also produoe when gradually given to aoimala an immunity, 
due to the production of antirioin and antiahrin reapectively. 

EhrUch's hypothesia to explain such facta is uanally spoken of oa the 
chain theory of immunity. He conaiders that the toxina are capable of 
with the protoplasm of the Hving cells by posseBsiug groups of atoms 
like those by which nutritive proteins are united to cells during normal assimi- 
lation. He terms these hapfophor groups, and the groups to which these ore 
attached in the cells he terms receptor groups. The introduction of a toxin 
stimulates an excessive production of receptors, which are finally thrown out 
into the circulation, and the free circulating receptors constitute the antitoxin. 
The comparison of the process to assimilation is justified by the fact that non- 
•toxic substances auch as milt or egg-white introduced gradually by successive 
doses into the blood-atream cause the formation of anti -substances capable 
of coagulating them. 

Up to thia jtoint I have spoken only of the blood, but workers are ateadily 
bringing forward evidence to show that other cells of the body may by similar 
measures be rendered capable of producing a corresponding protective 
mechanism. 

One further development of the theory must be mentioned. At leaat two 
different substances are necessary to render a serum bactericidal or gtobulicidaL 
Tha bocterio-lysia or hgemolysin consists of these two substances. One of 
these is called the amboceptor, the other the complement. We may illustrat* 
Hie use of these terras by an example. The repeated injection of the blood 
of one "Jiimal {f,.g. the goat) into the blood of another animal (e.g. a sheep) 
After a time renders the latter animal immune to further injections, and at 
ifiie same time causes the production of a serum wliich dissolves readily the 
^9d blood corpuscles of the lirst animal. The sheep's serum is thus hemo- 
lytic towards goat's blood corpuscles. This power is destroyed by heating 
'io 66° C. for half an hour, but returns when fresh serum of any animal is 
Ufjed. The specific immunising substance formed in the sheep is called the 
amboceptor ; the enzyme-like substance destroyed by heat is the comple- 
ment. The latter is not specific, since it is furnished by the blood of non- 
immunised animals, but it is nevertheless essential for btemolysis. Ehrlioh 
believes that the Immune body has two side groups— one which unites with 
the receptor of the red corpuscles, and one which unites with the haptophoc 
group of the complement, and thus renders possible the eniyine-like action 
of the complement on the red corpuscles. 

To put it another way ; the cell-dissolving substances cannot act on their 
objects of attack without on intermediate substance to anchor them on 
the substance in question. Thia intermediary substance, known as the 
amboceptor, is specific, and varies with the auisstanoe to be attacked (red 
corpuscles, bacterium, toxin, etc.). The complement may be compared 
to a person who wants to unlock a door ; to do this effectively he must be 
provided with the proper key (amboceptor). 
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Many antigens in amall doses oanae an increased sensitiveness of an 
animot to the foreign protein ; bo that a seoond small dose injected a few 
weeks later ni»j produce death. This is called anapkyUma. 

Quite distinct from the bactericidal, globulicid&l, and antitoxic 
properties of blood is its agglutinating action. This is another result 
of infection with many kinds of bacteria or their toxins. The blood 
acquires the property of rendering immobile and clumping together 
the specific bacteria used in the infection. The test applied to the 
blood in cases of typhoid fever, and generally called Widal's reaction, 
depends on this fact. The subetaaoes that produce this effect are called 
agglutinins. They also are probably protein-like in nature, but are 
more resistant to heat than the lyaius. Prolonged heating to over 
60° C. is necessary to destroy their activity. 

We thus see that the means the body possesses of combating 
bacterial invasion are numerous. Id some oases the bacteria are 
killed by bacterio-lyains, and in other cases they are directly attacked 
and devoured by the phagocytes. Bacteria which are destroyed in 
this way produce no evil results, whereas those which are not destroyed 
are called pathogenic, or disease-producing organisms. There is still 
another line of defence, for if the bacteria are not destroyed the 
poisons or toxins they produce are in certain other cases neutralised 
by antitosins. 

Metschnikoffa view, which is very widely accepted by bacterio- 
logists, is that the most stress should be laid upon phagocytosis as 
the principal factor in the resistance of the body to bacteria ; aud the 
discovery of opsonins by Sir A. E. Wright not only emphasises this 
opinion, but shows how the body fluids co-operate with the phagocytes 
in the process. The word " opsonin " is derived from a Greek word 
which means "to prepare the feast." Washed bacteria from a culture 
are distasteful to leucocytes, and would therefore, other things being 
equal, be pathogenic if injected into an animal's body. But if the 
bacteria have been previously soaked in serum, especially if that serum 
has been obtained from the blood of an animal previously immunised 
against that special bacterium, then the leucocytes devour them eagerly. 
It was at first supposed that something had been added to the bacteri\un 
to make it tasty, and that each kind of bacterium requires its own 
special sauce or opsonin. It is, however, equally possible that the serum 
has not added anything to the bacterium, but removed from it some- 
thing that previously made it distasteful. At any rate the ultimate 
effect is the same, and the bacterium is rendered non-pathogenic. When 
a person is attacked with some invading organism, say the tubercle 
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baoilliiB, if that person's blood is naturally rich in the proper kind of 
opsonin he will not. be troubled with tuberculosis ; but if the opsonic 
power of his blood is low the bacillua will produce the disease. The 
modem treatment of tuberculosis aims at increasing the opsonic 
power of the blood by improving the general condition ot the patient 
by good food and pure air, and also by the injection of the appropriate 
opsonin into his blood. 

Lastly, we come to a qiiestion which more directly appeals to the 
physiologist than the preceding, because experiments in relation to 
imniimity have furnished us with what has hitherto been lacking, a 
means of distinguishing human blood from the blood of other animals. 

The discovery was made by Tchistovitch (1899), and bin original 
experiment was as follows ;— Rabbits, dogs, goats, and guinea-pigs 
were inoculated with eel-serum, which is tosic ; he thereby obtained 
from these aniuials an antitoxic serum. iJut the serum was not only 
antitoxic; it also produced a precipitat* when added to eel-serum, 
though not when added to the serum of any other animal. In other 
words, not only has a specific antitoxin been produced, but also a 
specific precipitin. Numerous observers have since found that this is 
a general rule throughout the animal kingdom, including man. If, for 
- instance, a rabbit is treated with human blood, the serum ultimately 
obtained from the rabbit contains a specific precipitin for human blood ; 
that is to say, a precipitate is formed on adding such a rabbit's serum 
to hiiman blood, but not when added to the blood of any other animal.' 
The great value of the test is its delicacy : it will detect the specific 
blood when it is greatly diluted, after it has been dried for weeks, or 
even when it is mixed with the blood of other animals. 

The lipoids contained in the membrane of cells play some part in the 
relationship of such cells to toxins. The matter has been mainly studied in 
relation to red corpuscles, and the toxins (such as saponin and the hsemolysia 
of Hnake venom) which attack them. There is some evidence that the 
cholesterol in the envelojie of the red corpuscles is a protective agent (see also 
|). 38). A few years ago, Preston Kyes stated that lecithin is the amboceptor 
which anchors the iiffmolysin un to the red cells. But more recent research 
has failed to substantiate this view, aad the compounds which Kyes described 
and called lecithides are impure mixtures of several substances. It is much 
more probable that the real agent at work in htemolysis is a hpolytic or fat- 
sphtting enzyme ; this spUts up the lecithin of the cell-wall, hberatlng oleic 
Boid and desoleo lecithin (that is, lecithin minu« its oleic acid radical), and it 
is these cleavage products which dissolve out the hemoglobin and so destroy 
the corpuscles. 

.ctioii with the blood of allied aqimala ; for instance, 
w of man. 
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CHEMISTBT OF BESFIBATIOH 

The conBideration of the blood, and especially of it« pigment, is so 
olosely asaooiated with respiration that a brief account of that proceBs 
follow 8 conveniently here. 

The air in the alveoli of the lungs, and the blood in the pulmonary 
capillaries are only separated by the thin capillary and alveolar walls. 
The blood parts with its eiceas of carbonic acid and watery vapour to 
the alveolar air ; the blood at the same time receives from the alveolar 
air the oxygen which renders it arterial. 

The intake of oxygen is the commencement, and the output of 
carbonic acid the end, of the series of changes known as respiration. 
The intermediate steps take place all over the body, and constitute 
what is known as internal or tistue respiration. The eichange of 
gases which occurs in the lungs is sometimes called in contradistinction 
external respiration. We have already seen that the oxyhemoglobin 
is only a loose compound, and in the tissues it part« with it« oxygen. 
The oxygen does not necessarily undergo immediate union with carbon 
to form carbonic acid, and with hydrt^en to form water, but in most 
cases, as in muscle, is held in reserve by the tissue itself. Ultimately, 
however, these substances pass into the venous blood, and the carbonic ' 
acid and a portion of the water find an outlet by the lungs. 

Inspired and Expired Alx.— The composition of the inspired and 
expired air may be compared in the following table :— 





Inspired or 
Atmospheric Air. 


Expired Air. 


Nitrogen' '.'.'-'. 
Carbonic acid . 
Wat«ry vaponr 
Tsmperature .... 


20-86 volfl. percent. 
79 

0-04 „ 
• variable 


18-03 vols, par cent. 
78 
ii .. 

saturated 
that of body (37° C.) 



The nitrogen remains unchanged. The recently discovered gases, 
argon, crypton, etc., are in the above table reckoned in with the nitrt^en. 
They are, however, only present in minute quantities. The chief 
change is in the proportion of oxygen and carbonic acid. The loss of 
oxygon is about 5, the gain in carbonic acid 45. It the inspired and 
expired aira are carefully measured at the same temperature and 
barometric pressure, the volume of expired air is thus rather less than 
that of the inspired. The conversion of oxygen into carbonic acid would 
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not cause auy change in the volume of the gae, for a. nooleuule of oxj'gen 
(Oj) would give rise to a molecule of carbonic acid (CO.^) which would 
occupy the same volume (Ayogadro-'M law). It must, however, be 
remembered that carbon is not the only element which is oxidised. 
Fats contain a number of atomB of hydrogen which during metabolism 
are oxidised to form, water ; n certain small amount of oiygon is also 
used in the formation of urea. Carbohydrates contain sufficient oxygen 
in their own moleculea to oxidise their hydrogen ; hence the apparent 
loss of oxygen ia least when a, vegetable diet (that is, one consisting 
largely of starch and other carbohydrates) is taken, and greatest wlien 

0„ absorbed 



much fat and protein are eaten. The quotient ^ ° j— j is called 



the respiratory quotient. Nonually it is —- =0'9, but thia varies 
considerably with diet, aa just stated. 

THE OASES OF THE BLOOD 

Before we can understand either the chemistry of respiration or 
its regulation, which is in part a chemical process, it is necessary that 
we should study the fundamental laws which regulate the retention 
of oxygen and carbonic acid in the blood ; and as the blood presents 
many complications, it will be best at the outset to consider the solution 
of gaaea in such a simple medium as water. 

Solution of Oaa&s in Water 

If water is shaken up with oxygen, a certain definite amount of 
oxygen will become dissolved in the water. Under the same conditions 
the same quantity of oxygen would always be dissolved, and in the 
foOowing argument it is assumed throughout that the temperature 
remains constant. The amount dissolved, then, depends upon two cir- 
cumstances, each of which can be measured. The first is the pressure 
of the oxygen to which the water is esposed when shaken ; the second 
is a property of the oxygen itself, namely, its solubility in water. The 
solubilities of different gases differ very much j some (for instance, 
oxygen) are not readily soluble in water, whilst others, such as carbonic 
acid, are very soluble. 

If a cubic centimetre of water is introduced into a large air-tight 
bottle containing pure oxygen at the atniospheric pressure, and another 
cubio centimetre of water is similarly placed in a bottle containing 
pure carbonic acid at the same pressure, the former would be found 
to have dissolved 0'04 o.c. of oxygen, the latter I o.c. of carbonic acid. 

11 
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These tigiireB represent the degrees to which the two gases are solubl* 
in water under eimilar circumstances, and are called their coefficientft 
of sohibility. The coejicient of solubilitt/ of gaa in a liquid is thereforft 
the amount of a gaa which 1 c.c. of liquid will dissolve at 760 mm. d 
mercury, that is, at atmospheric pressure. 

The quantity of gas which a liquid will dissolve depends also upon 
the pressure of the gas to which the liquid is exposed. Thus, in 
instance given above, if the oxygen had been rarefied in the bottle 
it only exerted a pressure of one-fifth of an atmosphere, the water would 
have only taken up not 0'04 c.c. of oxygen, but only one-fifth of that 
amount, OOOS c.c. If we represent the coefficient of sojubilitj of a 
gas by K, and the pressure of the gas to which the liquid is exposed by 
P', and the atmospheric pressure by P ; then the quantity (Q) of the 
gas dissolved by 1 c.c. of the liquid may be found by the following 
formula :— , 

«-Kxt. 

Dalton-Hemy Law. — What haa been said above is as true of gases 
which are mixed together as ot piwe gases. For instance, we have seen 
that a cubic centimetre of water ahaken up with osygen at one-fifth of 
au. atmosphere (15:^ mm. pressure) will absorb 0'04x| = 0008 c.c 
if it is shaken with nitrogen at a pressure of four-fifths of an atmosphere^ 
it will disBolveO^Oa x | = 0-016 c.c. If now a c.c. of water is shaken 
with air (a mixture ot one part of oxygen to four of nitrogen), it will 
dissolve 0-008 c.c. of oxygen and 0-016 c.c. of nitrogen. This fact has' 
been stated as the Dalton-Henry Law in the following woi-da :^ — When' 
two or more gases are mixed together, they each produce the 
pressure as if they separately occupied the entire space and the other- 
gases were absent. The total pressure of the mixture is the at 
the jMrtial pressures of the individual gases in the mixture. 

The Tension of Oases in Fluids 

In the csiaes which have been discussed up to this point, a condition 
of equilibrium exists between the gas dissolved in the fluid and the 
gaa in the atmosphere to which the fluid is exposed, so that as many 
molecules of the gas leave the surface of the fluid as enter it. Ths 
gas dissolved in the fluid therefore esercises a pressure which is the 
same as that of the gas in the atmosphere when equilibrium exiato. 
For the sake of convenience the word Tention is applied to the presBura 
of the gas in the fluid. 

Definition of Tention.— Tiio tension of a gas dissolved in a fluid ii 



TUK UASES UF THE BLOOD 



163 



equal lo the preaeuru of the iULtuc gas in an atmoBpliere witli which the 
gas in the fluid would be iu equilibrium. Above, we have mlied the 
pressure which the gas exerts on the liquid, I''. If we call the teoaion 
of the gas in the liquid T, we find that wheu equilibrium exists P'-^T. 
In the case of all true solutions, therefore, we may replace P' in our 
previous equation by T; therefore Q = Kx^. We thus arrive at a 

relation between two «3parat« things, which must be most carefully 
distinguished from oue another — the quantity of tlie gas disBolved in 
the liquid and its tension. 

Measurement of Tension in Fluids — Aerotonotnefet: — Numerous 
itiBtrumeutiB have been invented for measuring tension. They are called 
lojiomeCers. Krogh's (fig. 31} is the best. 
It consists of a T-shaped cannula (A) 
introduced into the blood-vessel, say the 
carotid artery. The blood fills the cavity 
B and leaves it at 0, so that a constant 
stream of blood is kept flowing. Into 
it a small bubble of air (D) is introduced. 
Exchange of gases takes place between 
the bubble and the blood, and the former 
very soon gets into equilibrium with the 
latter. When it has done so, the bubble 
is withdrawn up the capillary tube E, 
taken away, and analysed. 

Aa an example, suppose the bubble o 
of i per cent, carbonic acid and 12 per cent, oxygen, together with 
■ nitrogen and aqueous vaponr. The gas in the instrument was uom- 
pressed by the pressure of the arterial blood (say 120 mm. of mercury) 
in addition to the atmospheric pressure of 760 mm. of mercury, and 
therefore its total pressure was 120 + 760 = 880 mm. of mercury. Four 
per cent, of this would have been due to the carbonic acid ; 4 per cent. 




I analysis proved to c 



e oxygen ; 



Twelve per cent, would have 1: 
12 per cent, of 880 is 105"l). That is, the carbonic acid and oxygen 
tensions would have been in roimd figures 35 and 106 mm. of mercury 
respectively. 

Ueasurement of the Quantitr of a Gas in a Fluid 
The most general method of determining the quantity of gas in a 
fluid is by boiling a measured quantity of the fluid in a vacuum. The 
gEM is all given off; it may be collected and measured. In the case 
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of blood, which m the only fluid that need be considered, thia process 
is carried out by means of a mercurial air-pump known as the blood- 
gaa pump. One of the numoroua forma of mercury pump is described 
in the Appendix. 

The total gas obtained is first measured ; the carbonic acid is 
removed by caustic potash, and the gas that remaina, which consists 
of oxygen and nitrogen, is measured ; the oxygen is then removed by 
pyrogallic acid, and the residual gas is nitrogen. 
Sf Haldane's apparatus for carrying this out is de- 

scribed in the Appendix. Another method is the 
following : — 

Chemical Method of Blood-gas Analynt. — When a 
solution of oxyhffimc^lobin is shaken with potassium 
I ferricyanide, it yields the same amount of oxygen 
to the air as it would if boiled in a vacuum. In 
much the same way urea when treated with sodium 
hypobromite yields up all ita nitrogen, and the 
apparatus used for determining the oxygen in blood 
ia very similar to a Dupre's urea apparatus (see 
Lesson X). The blood (5 c.c.) is placed in the large 
bottle (fig, 32, F) underneath a layer of dilute 
ammonia solution. The blood is thus protected 
from the air whilst the apparatus becomes equal in 
temperature to the bath in which it is placed. The 
blood is shaken with the ammonia solution, which 
lakes it thoroughly ; the ferricyanide solution is 
then spilt into the laked blood from the tube G, 
and the oxygen is shaken out of the solution. When 
¥ia. t2.— ApparatoB for the oxygen has been determined the bottle is opened 
gaaes" "* ' * ™ and tartaric acid is placed in the small tube G ; 
this is subsequently spilt into the mixture of blood, 
ammonia, and ferricyanide ; it liberates the carbonic acid which is also 
shaken out of the fluid. The carbonic acid does not come completely 
out, however, and a correction has to be introduced for the quantity 
which remains in solution. The gas (oxygen or carbonic acid, as the 
case may be) passes over into the tube C, which was previously filled 
up to the zero mark (H) with water, and connected to a reservoir (A) ; 
this would drive water out of A into the open tube D, and the wat«r 
will therefore rise in D ; but in practice it is convenient to keep the 
gas always at the same volume ; this may be done by raising the 
pressure in the open limb (D) of the pressure gauge by squeezing 
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! of the water, with wliich the gauge is filled, out of a rubber 
reservoir (B) which forms the baao of the gauge, thua the level of the 
water in C is maintained at the zero mark, while that in D rises 
from H to I, The actual measurement then is the increase of pressure 
(i.e. the height of the column of water H 1) which is necessary to 
keep the gas at the same volume after the oi^ygen or oarbouic 
acid has been shaken off as it previously occupied. From this the 
quantity coming off can be calculated. The apparatus just described 
illustrates the principle of the method. Barcrott's moat recent improved 
instrument is described in the Appendix. 

The chemical method is uot quite so accurate as the vacuum pump, 
but it is much more convenient for the study of many problems, as 
it requires less blood, and, owing to its simplicity, a great number of 
observations can be made upon a single animal. It can also be used 
tor observations on human blood. 

Belation between Quantity Etnd Tension of Oases in Blood 

In the preceding paragraphs the methods of measuring the tension 
and the quantity of gas in a given sample of blood have been described. 
It is now necessary to consider the relationship between them. 

On p. 163 we have seen that tor gases in solution in water, 
Q = K X — , where Q is the qiiantity of gas dissolved, T the tension, K 

the coefficient ot solubility, and P the atmospheric pressure. Since 
K and P are constant, it follows that Q varies directly in proportion to T ; 
that is to say, if the tension is doubled, the quantity of gas dissolved 
is also doubled ; if the tension is trebled, the quantity of gas is trebled, 
and so on. These results might be plotted out on a curve in which the 
quantities are placed on the ordinate, and the tensions on the abscissa. 
Such a carve would give the quantity of gas dissolved at any given 
tension, and, in the case of water, it would turn out to be a straight line. 

But in the case of both the oxygen and tbe carbonic acid in blood, 
the curve showing the relationship between tbe tension of gas and the 
volume whicli can be pumped off is not a straight line. 

Oxjrgen in Blood. — From every 100 c.c. of arterial blood, rather 
more than '20 c.c. of oxygen can be removed by the air-pump. Nearly 
all of this oxygen is chemically combined with htemoglohin ; the 
amount in actual solution in the blood is 07 c.a. for every 100 c.c. of 
blood. Hwmoglobin owes its value as a respiratory pigment to two 
principal facta. (1) It can unite with a lai^ quantity ot oxygen, and 
therefore blood can carry about thirty times as much oxygen to the 
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tisBuea us plaama would under the same circunistaniieK. (2) The in 
action between hemoglobin and oxygen is b. reveraiblo one ; the two 
unite in the binga, where the pressure of oxygen ia higli ; but when 
oxygen is absent or at a low pressure, aa in the tissues, the hiemoglobin 
parts with its store ot oxygen. 

We will now consider the nature oF this union, and the oonditions 
under which it takes place. 

The reaction between hieuioglobin and oxygen is & chemical ( 
At most, 1 gramme of hsemoglobin can unite with 1-34 e.o. 
oxygen. Thia figure ia not quite constant, probably on account of 
slightly different forma of globin (the protein constituent of heemo- 
gtobin) uniting with the heeniatin (the iron-containing constituent) 
in different animals. The relation between the respiratory oxygen 
and the iron of the hmmoglobia is, howeyer, quite constant, and is 







itBlly 



k Su 



called the "specific oxygen capacity." Each gramme of iron in 
luBmoglohin unites with 400 c.c. of oxygen ; these figiirea are in the 
relation ot one atom of iron to two atoms of oxygen. The reversible 
nature of the reaction may therefore be expressed by the equation 
Hfi + Oj^HfiOj. A reversible reaction means that it will go in either 
direction according to the concentration of the substances present; 
thus if the concentration of oxygen in tiolatum is increased, more of the 
hsemoglobin will become oxyhtemoglobin ; and if it ia diminished, oxy- 
htemoglobin will break up into heemoglobin (sometimes called reduced 
htemoglobin) and oxygen. 

The quantity of gas in nolulion (that is, not united with hinmoglobin) 
varies in proportion to the oxygen pressure to which the hsemoglobin 
solution is esposed ; therefore the problem Itefore ns ia to ascertain the 
relative quantities of osy- and reduced htemoglobin when a haemoglobin 
solution is shaken up with oxygen at different pressures. 

This can be done by means of Baroroft's tonometer (fig. 33). 
Suppose we have six of these tubes, and each contains the sum*. 
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amount (a few c.c.) of hiemoglnbin solution, and peases of the following 
^^^cbmposition : — 
^^^^V No. I. Nitrogen and no oxygen. 

^^^^B No, 3. Nitrogen and enough oxj^eu to give !) ram. oxygen pressure. 
^^^V No. 
^^^P No. i. 

^^^'^ No. 6. „ 100 „ 



Each tonometer is rotated round and round 
perature until the hfcmoglobin and the oxygen 



bath at body tem- 
n equilibrium ; this 
will take about fifteen minutes ; the solution is then withdrawn and 
examined in order to ascertain the relative quantities of oxy- and reduced 
hffimoglobin in each of the six vessels. 

The figures for a pure solution of hramoglobin would be ; — 





No.l, 


No. 2. No. 3. 


No. 4. 


No, B. 


No. 6. 


Parcentiigfl of biamoglobiii 


100 



03 1 IS 

37 1 6li 


as 

72 


13 
87 


94 


100 


100 ' 100 


100 


100 


100 



The aame answer may be expressed graphically ; if the pressures of 
oxygen are plotted horiaontally, and the percentages of oiy- and reduced 
luemoglobin in the solution are plotted vertically, we get the curve 
shown in the accompanying diagram (fig. 34), which is called the dis- 
gaciation oii've of ktemogMin. 

A solution of pure haimoglobin is, however, not the same thing aa 
blood, and the dissociation of hemoglobin in the latter fluid during life 
is influenced by various conditions, especially by (1) temperature, (2) 
the presence of salts, and (3) the presence of acids, especially carbonic 
acid. These factors make the osyhiomoglobin molecules break down 
more rapidly, and form more rapidly. It is clearly necessary that the 
two processes {the union of hemoglobin with oxygen, and the liberation 
of oxygen from oxy-hiemoglobin) should occur at the same rate, that 
is under one second, which is about the time occupied by any given 
portion of blood in travelling along the capillaries. 

It would be futile to have an oxygen carrier in the blood which taok 
a fraction of a second to a^uire its oxygen in the lungs, and a fraction of 
an hour to release it in the tissues. Yet a solution of pure htemoglobin 
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is just such a aubstaoce. In the actual blood, however, the three factors 
just mentioned, the salts, especially the potasaiiim salts of the red 
corpuscles, the high temperature, and the presence of carbonic acid at 
10 mm. pressure, increase the rate of dissociation of htemoglobin so 
greatly that it equals the rate at which the union of oxygen and 
hsemc^lobin occurs in the lungs. Nature has adapted the conditions of 

Total Hsmoslobln 100 
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life 80 admirably that the needs of the body are served by a substance 
hEcmoglobin, which by itself is inefHcient for oxygen transport. 

The next figure (Jig. 35) shows the dissociation curve in the actual 
blood, and it should be carefully compared with fig. 34. The two 
present to the eye graphically the superiority of htcmoglobin as an 
oxygen carrier when it is present in the living blood over that which it 
possesses in a pure solution. 

In the second curve, that of the blood itself, it will be seen that at an 
oxygen pressure of over 60 mm. of mercury (the pressure in the lung 
alveoli is about 100) the blood will nearly saturate itself with oxygen, 
and that at pressures below 50 the blood loses its oxygen rapidly, whilst 
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lit 10 mm. pi'ussiirii it is nearly completely reduced. As the riite ut 
which oxyfjeii c&ii diffuse oat of the eapillariea into the surroimding 
tissues depends upon the pressure it exerts in the plasma, it ia important 

when it is in contact with fluid containing oxygen at a pressure anch as 
one finds in the tissiios (20 to 30 mra. of mercury). 

Carbonic Aeid in Blood,— If blood is divided into plasma and 
coqmsdes, it will be found tbat both yield carbonic acid, but the yield 
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e plasma is the greater. If we place blood in a vacuum it 
and gives out all its gases ; addition of a weak acid causes no 
iberation of carbonic acid. Wben plasma or serum ia similarly 
he gas also cornea off, but about 5 per cent, of the carbonic 

hovic or tartaric acid, to displace it. 

hundred volumes of venous blood contain about forty-sis 
of carbonic acid. Whether this is in solution or in chemical 
tion is determined by ascertaining the tension of the gaa in the 
One hundred volumes of blood plasma would dissolve about an 
lume of the gas from an atmosphere of carbonic acid, it its 
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solubility in plasma were equal to that in water. If, then, the carbonic 
acid were in a state of solution, its tension would be very high, but, as 
we have seen, it proves to be only equal to about 5 per cent, of an 
atmosphere. This means that when venous blood is brought into an 
atmosphere containing 5 per cent, of carbonic acid, the blood neither 
gives off any carbonic acid nor takes up any from that atmosphere. 
Hence the remainder of the gas, 41 per cent., is in a condition of 
chemical combination. 

Of the carbonic acid present in chemical composition, the greater 
part is present as sodium bicarbonate (NaHCOj). About 'a third is in 
loose combination with the proteins of the blood, and a small quantity 
exists as normal sodium carbonato (Na^CO^). 

DifFetences between Arterial and Venous Blood. — The average 

^ blood 



tity of gas that can 


I be extracted from arterial and venoui 


etively is : — 

Oxygen 
Nitrogen 
Carbonic acid 


Arterial blood. Tenons blood. 
20 8 to 12 
1 to2 1 to2 
40 46 to 50 



It will be noticed that the amount of nitrogen which is simply 
dissolved in the blood from the air is small in amount. It has no 
physiological significance, and is the same in both varieties of blood. 
The important distinction between arterial and venous blood is in the 
other two gases, and as the table shows, on the average every 100 c.c. 
of blood which pass through the lungs gain 8 c.c. of oxygen and lose 
6 c.c. of carbonic aeid. We will now study the mechanism by which 
this gaseous interchange is effected. 

THE MECHAmSM OF GASEOUS EXCHAHaE IN THE LUNG 
1. Oxygen.— The simplest explanation of the passage of oxygen 
from the alveolar air into the blood is that the process is one of 
diDiision. This view can be maintained if it can be proved that the 
pressure of oxygen in the alveolar air is as great or greater than the 
tension of oxygen in the arterial blood, and therefore a fortiori greater 
than that, of oxygen in the venous blood. 

The conception of respiration baaed upon this view would be that 
the oxygen in the air of the alveoli, though less than that in the 
atmosphere, is greater than that in venous blood ; hence oxygen passes 
from the alveolar air into the blood plasma ; the oxygen immediately 
combines with the hiemc^iobin, and thus leaves the plasma free to 
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absorb more oxygen ; and this goes on until the liHinioglobin ia entirely, 
or almost entirely, saturated witli oxygen. The reTerse change occurs 
ill the tiBaiiea when the partial presKure of oiygeu in lower thau in tbe 
plaema, or in the lymph that bathes the tissue elemsntB ; the plasma 
parts with its oxygen to the lymph, tbe lymph to the tissues : the 
oiyhfemoglohin then undergoes dissociation to supply more oxygen to 
the plasma and lymph, and thus in turn to the tissues once more. 
This goes on until the oxyheemoglobin loses about half its store of 
oxygen. 

This view ia regarded 
determinations which can n 




the correct one, owing to the accurate 
be njade, first, of tlie oxygen pressure in 
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alveolar air, and, secondly, of the oxygon tension in blood. We wil! take 
the two in the order named. 

i. T/iePreesure ofOxi/genin the Alvei^ar Air. — Haldane and Priestley 
introduced a very simple method of collecting alveolar air. A piece of 
rubber tubing is taken about 1 inch in diameter and about 4 feet long 
(Sg. 36), A mouthpiece is fitted into one end. About 2 inches from 
the mouthpiece a small hole ia made into which is inserted the tube of 
a gas-receiver, or sampling-tube, as in the figure (fig. 3G). The gas- 
receiver ia fitted at the upper end with a three-way tap, and the lower 
end ia also closed by a tap. Before it ia used, it is filled with mercury. 
The subject of the experiment breathes normally through the tube tor 
a time, and then, at the end ot a normal inspiration, he expires quickly 
and very deeply through the mouthpiece and instantly closes it with 
his tongue. The lower tap of the receiver is then turned, and as the 
mercury runs out, a sample of the air takes its place and fills the 
receiver ; this sample ia then analysed. A second experiment is then 
done, in which the subject expires deeply at the end of a normal 
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expiration, an'l another sample obtaitied. TLe meiin result of the tvfo 
analyHen ^rives the composition of alvcoltir air. 

It ia found on analjsis that the normal oiygen preBSure it 
alveoli is approilmatetj equai to 100 mm. of mercury, and this iB 
equivalent to 13 per cent, of an atmoaphere. 

ii. The Teation of O^^'/en in t/ie Blood.— This is estimated by Kiogh'B 
tonometer (fig. 31, p. 163), and tlte experiments show that the tension oi 
oxygen in the blood is lower than the alveolar osygen pressure. If tlie 
latter is artificially raised or lowered, the oxygen tension in the blood 
riaes and falls in the same way, but always remains lower than the 
oxygen pressure in the alveoli. 

Some authorities ooufnder that in oases of definite oxygen want, auch 
during violent muscular exercise, or on the tops of high moontains, the lining 
epithelium of the pulmonary alveoli can, by a proceaa of active secretion, 
transfer oxygon from the alveolar air to the blood. In the case of exercit 
observations made by different workers are at variance, whilst at high altitudes 
they are so few as to moke further work desirable before physiolo^ta generally 
can accept the possibility of the secretion of oxygen by the lung. That secre- 
tion is not impossible is shown by the fact that a similar secretion of osygea 
ia known to occur in the swim-bkdder of certain fishes. The awim-bladder 
corresponds morphologically with the lungs of a mammal, and the oxygen 
stored in it is far in excess of anything that can be explained by mere diffusion 
from the sea-water. This storage of OKygen, moreover, ceases when the 
va^B nerves which supply the swim-bladder are dividpii. 

3. Oaxbonic Acid. — Here, again, the same two measurements are 
necessary and are obtained in the same way. The alveolar tension of 
this gas is always lower than that of the arterial blood ; the presHura 
difTerencea are less than in the case of oxygen ; this coiucides with the 
ease with which carbonic acid paeses out through the membrane which 
separates the blood from the air. 

The tension of the carbonic acid in the tissues is high, but 
cannot give exact figures; we can measure the tension of the gsA is. 
certain secretions : in the urine it is 9, in the bile 7 per cent, Th? 
tension in the cells themselves must be higher still. 

The following figures (from Predericq) give the tension of oarboniA' 
dioxide in percentages of an atmosphere : — 



Tissues . . . 5 to 9 I 

Venous blood 3 -J* to 5-4 - 

Alveolar air 28 ) 

Extenial air 0'0+ 
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The arrow indicatea the directicn in which the gas passes, nameiy, 
the direotion of preasiire from the tissues to the atmosphere. 

of such figures, and of Krogh's eiperinients, and having 
regard to the very slight clianges in the tension of carbooic acid iu the 
alveolar air, which are capable of affecting the respiratory centre (a 
subject we shall immediately pass to), we shall adhere to the view that 
diffusion explains the passage of that gas from the blood to the alveolar 
air, and that it is unnecessary to call to our assistance the hypothesis 
that secretory activity of the alveolar epithelium is at work. 
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CAUSE AMD EEQtTLATION OF RESPIRATION 

The activity of the muscles of respiration is controlled by a special- 
id small district of grey ma tter in the flQor._ol t he fourth vent ricle, 
which i s called the resp irn fjiry centre. The activity of this centre is 
regulated by tw main factors (1) the action upon it by afferent nerves, 
of wh h the m t n portant are the vagus nerves from the lungs, and 
(3) the hem a\ ondition of the blood. 

If the 1 nga of an animal are alternately and forcibly inflated and 
deflated th o f a man voluntarily takes a number of deep breaths 
rapidly for a minute or two, breathing then oeasea for a variable time, 
and this condition is termed apiuea. This condition is not due, as was 
at one time supposed, to an over-oiygenation of the blood, uor is it 
produced as Head considered, purely as a result of the excitation of 
the vagus nerve-endings in the lung, for it occurs after the vagus nerves 
are severed. Fredericq has always maintained that apncea has a 
chemical rather than a nervous origin ; he attributed it, however, not 
to over-oiyge nation of the blood, but to a lessening of the carbonic 
acid which is swept out of the body by the powerful respimtory efforts. 
Haldane and Priestley corroborated this view by their important 
researches. 

They found that, under constant atmospheric pressure, in man the 
alveolar air contains a nearly constant percentage of carbon dioxide in 
the same person. In different individuals this percenUige varies some- 
what, but averages 5-1 per cent, of an atmosphere in men, and 47 in 
women and children. 

Witli varj»ng atmospheric pressures, the percentage varies inversely 
as the atmospheric pressure, so that the pressure or tension of the 
oarbon dioxide remains constant. The oxygen pressure, however, 
varies widely under the same conditions. 

These observations and the next to be immediiitely described 
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to the cause of the amoimt oF pulmonary 
important part ia conjunctioD with the 



famish the chemiual ki 
veulitHbion, aud play t 
reepiratory nervous system ia the regulation of breathing. For the 
respiratory centre 18 not only affected by the impulseti reaching it by 
the vagi and other aftereot nerves, but it is also very Bensitive to any 
rise in the tension of carbon dioxide in the blood that euppliea it. The 
changes in the tension of this gas in the arterial blood are normally 
proportional to the changes in the carbon dioxide pressure in the alveoli, 
and the cLiioges in the lung alveoli are transmitted to the respiratory 
centre by the blood. They found that a rise of 0"i por cent. 
alveolar carbon dioxide pressure is sufficient to double the amount of 
alveolar ventilation during rest. During work the alveolar carbon 
dioxide pressure increases slightly, and the pulmonary ventilation ia 
consequently increased. 

Changes in the oxygen pressure within wide limits have no such 
iuHuence; the normal chemical stimulus to respiration is, therefore, 
an increase of carlion dioxide, and not diminution of oxygen. If these 
limits are exceeded, as when the oxygen pressure falls below 13 per 
cent, of an atmosphere, the respiratory centre begins to be excited for 
want of oxygen. Physiologists now agree that fatigue products, such 
as aarcolactic acid, assist the carbon dioxide in stimulating the re- 
spiratory centre. The important stimulus is not any particular acid^ 
but the total hydrogen ion concentration. 

In connection with the relative importance of the nervous and 
chenaical factors in breathing, F. H, Scott has shown that the principal 
respiratory nerves (the pneurao-gas tries) regulate the rate or rhythm 
of the respiratory movements, whilst the chemical factor specially 
regulates the amount of pulmonary ventilation, that ia, the depth of 
the individual respiratory efforts ; for when these nen-es are divided, a 
rise in the alveolar tension of carbon dioxide (or great diminution of 
the oxygen in the respired air) increases the depth, but not the rate of 
breathing. 

In a normal respiration the chemical and nervous factors would, 
therefore, appear to be related somewhat as follows : — The inspiratory 
centre makes an effort, the degree of exaltation of the centre, and, 
therefore, the magnitude of the effort, more especially in the 
matter of depth, is governed by the tension of carbonic acid in the 
blood, but it is cut short by an inhibitory Impulse passing up the 
vagus, only to begin again when the effects of this inhibitory impulso 
are removed. 
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TISSUE RESPIRATION 



i bo borne in mind that pulmonary roepiration is but the 
4 of supplying the tissueti with oxygen and removing from the 
body the waste products of tissue activity auoh as carbon dioxide. The 
amount of respiratory exchange which takes place in the tissues is 
connected with the degree of metabolism which occurs there. 

Tissue respii-ation consists in the passage of oxygen from the blood 
of the capillaries to the cells of the tissues, and the passage of carbonic 
acid in the reverse direction. This gaseous interchange is no doubt 
brough t about by a simple pr nrBnii of difftisinn. The oxygen passes out 
of the plasma of the blood through the capillary wall, an d then throu gh 
th e lymph until it reaches the eel! in which it is going to bo used. In 
order that a constant stream of oxygen may pass from the blood to the 
cell, there must be a difference of oxygen pressure between the oxygen 
dissolved in the plasma and that d^solved in the lymph, and the latter 
must be at a greater pressure than that dissolved in the cell. The 
amount of oxygen which passes will, other things being equal, be directly 
proportional to these pressure differences, and as the amount varies 
greatly at different times, it is obvious that the pressure ditt'erences 
vary greatly also. When, for instance, a muscle is at rest, the oxygen 
press\ire in the capillaries is very near to that in the muscle fibre ; 
when the muscle is active and using large quantities of oxygen, the 
intra-capillary oxygen pressure is much greater than the iutra-muscular 
oxygen pressure. Such a change might be brought about by a rise 
in the intra-capillary oxygen pressure, or a fall in the intramuscular 
oxygen pressure, or by both taking place simultaneously. Let us 
therefore inquire what is known about these quantities. 

The tension of oxygen in muscle has recently been calculated as 
being at most equal to 19 mm. of mercury; from this it may vary 
down to zero. Within these limits the conditions for diffusion can be 
increased by a drop in the intra-muscular oxygen pressure. 

There is, in addition, a mechanism for raising the intra-capillary 
oxygen pressure. This is the increased quantity of acid (carljonic and 
sarco-lactic acids) which is thrown into the biood as the result of 
the metabolism in the muscles and other tissues. 

In glandular structures the oxygen pressure is higher than in 
muscle ; probably owing to the relatively more copious blood-supply of 
glands, equilibrium is more readily established between the blood and 
the gland cells, the oxygen pressure in the cells being almost that 
present in venous blood. 
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The quantity of osygen used by different tisBues varies not only 
with the degree of their activity, but also with the nature of the tisBuee. 
On the whole it may be said that, weight for weight, glandular tissue 
uses most oxygen ; next in order come the muscular tissuea, and hist of 
all, the connective tiBsues. There are some important tissues, notably 
the nervous system, about which little is known in this connection. 
The amount of oxygen used by an organ or tissue per gramme per 
minute is called its coefficient of oxidatiim. 

In order to obtain the coefficient of oxidation, it is necessary; — (1) 
to estimate the gases in the btood going to and emerging from the 
oi^an; (2) to determine the amount of blood passing through the 
organ in a given time, say one minute; and (3) at the conclusion of 
the experiment the organ is weighed so that its gaseous exchange can 
be calculated. 

In order to measure the gaseous exchange of an oi^an over a long 
period the organ is supplied with blood which alternately traverses the 
ot^n and aerates itself in a closed chamber. The amount of oxygen 
in the chamber is kept constant by the addition of that gas to the air 
of the chamber at the same rate at which the circulation acquires it. 
The amount of oxygen so added is measured. The method has 
recently been applied with conspicuous success to the gaseous exchange 
of the heart. 

Relation of Tiuue Rewpiration to Functional Activity. — In all 
organs, so far as is known, increased activity is accompanied by 
increased oxidation. 

Much interest centres about the question of the order of time in 
which these events take place. This matter has been investigated in 
the case of skeletal muscle and the submaxillary gland, both of 
which organs can be thrown into profound activity for a short space 
of time ; in each case most of the oxidation follows upon the activity, 
and not the activity upon the oxidation. The important inference is 
drawn that the contraction or secretion, as the case may be, is not 
caused by the oxidation in the sense that the machinery of a locomotive 
is driven by tiie energy derived from the oxidation of the coal ; rather 
is the mechanism like that of a spring which is liberated at the moment 
■of doing the work, and has to be rewound subsequently; the process 
of rewinding involves oxidation. In the case of muscle, the beat- 
formation which occurs in the period following activity only takes 
place if the muscle is supplied with oxygen. The output of carbonic 
acid, in its turn, follows upon the intake of oxygen. The order of 
events is therefore (1) increase of functional activity, (2) increase 
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of heat formation and oxygen taken in, and (3) increase of carbonic 
acid put out. 

The following table shows the coefficients of oxidation for resting 
oi^aus, and the extent to which they are increased in activity. 



Organ. 


Condition of 
Best. 


Oxygen used 
per minute 
per gramme 
of organ. 


Condition of 
Activity. 


Oxygen oaed 
per minute 
per gramme 


Voluntary 
mnsole. 

Uuatriped 


Nervas cut. 
Tone absent. 


0-OOS CO. 


Tone eiisUng in rest. 
Gentle contraction. 
Active contraction. 


O'OOS cc 
0-020 CO. 
080CC. 


Beating. 


0-004 C.C 


Contracting. 


0-007 cc 

0-05 cc. 
O'OS cc ■ 


Heart. 

SubmaiillarT 
KUnd. 


Veiy slow and 
feeble contrac- 


0-007 CO. 


Very aoHve. 


Nerves cut. 


0-03 C.C 


Chorda atiraulation. 


0-10 cc 


ranoreas. 


Not secreting. 


0-03 cc 


Secretion after iiiieotion 
ofseoreUn. 

After injection of 


010 cc 

0-lOcc, 


Kidney. 


Scanty secretion. 


0-03 CO. 
0-02 cc 


IntwUnes. 


Not absorbing. 

In fasting 
auimal. 


Absorbing jieptone. 


0-03 CC 

0-08 to 
0-05 cc 


Liver. 


O-Olto 
02 cc 

-045 e.c 


In fed animal. 


Suprarenal 
gland. 


Normal. 







Intensity of Respiration. — Most of the figures relating to gaseous 
metabolism given in the preceding paragraph were obtained from the 
examination of the tissues and organs of the dog. It all the tissues 
were examined in turn and their relative weights known, an average 
might be struck which would give the gaseous metabohsm for the body 

12 
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taken as a whole, and this m^ht be expressed as the amount of oxygen 
need per minute per gramme of body-weight. An easier and more 
practicable method would be to weigh the animal, and then from the 
composition of the inspired and expired air and the amount of oxygen 
taken in, and given out, calculate how much in retained and utilised. 
In the dog, the amount is about 0016 c.c, of oxygen per minute per 
gramme of body-weight. This figure, however, is not the same in all 
animals, and the size of the figure will indicate what we may term the 
intensity of respiration. Thus in cold-blooded animals, especially fishes 
with their small supply of oxygen, the figure is very much smaller. 
But in warm-blooded animals great variations are seen ; the intensity 
of respiration, for instance, is much greater in birds than in mammals. 
Among the mammals, the intensity of respiration varies, roughly, 
inversely with the size of the animal ; thus, in the mouse, an animal 
that breathes with extreme rapidity, the intensity is probably ten to 
fifteen times greater than in the dog, and in the elephant very much 
less. lnman,theaTer(^e is about halt that in the dog, that 18,0-008 c.c. 
of oxygen per gramme of body-weight per minute. 

I have not included any practical exeroises on Respiration at the head of 
this lesson, because I am aware how variable are the resources of physio- 
logical laboratories for this purpose. I would only suggest that as far as 
practicable the following experiments might be performed or shown by way of 
demonstration, 

1 . The use ol the mercurial pump. 

2. Analysis of blood gases by the chemical method. 

3. Collection of alveolar ail by the Haldane- Priestley method. 

4. An analysis of a mixture of gases, say in expired air, by Haldane's 
apparatus described in the Appendix. 

5. The use of the aerotonometer. 
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. Test the reaction of urine with litmus paper. 

2. Determine its specific gravity by the urinometer. 

3. Test for the foUowing INORQANIC SALTS : - 

(a) Chlorides. — Acidulate with nitric acid and add silver nitrate ; a 
white precipitate of silver chloride, soluble in ammonia, is produced. 
The object of acidulating with nitric acid is to prevent phosphates being 
precipitated by the nitrate of silver. 

(b) Sulphates. — Acidulate with hydrochloric acid and add barium 
chloride. A white precipitate of barium sulphate is produced. Hydro- 
chloric acid is added first, to prevent precipitation of phosphates. 

(c) Phosphates— i. Add ammonia ; a white crj^talline precipitate of 
earthy (that is, calcium and magnesium) phosphates is produced. This 
becomes more apparent on standing. The alkaline (that is, sodium and 
potassium) phosphates remain in solution. 

ii. Hix another portion of urine with half its volume of nitric acid ; 
add ammonium molybdate, and boil. A yellow crystalline precipitate of 
ammonium pbospho-molybdate falls. This test is given by both kinds of 
phosphates. 

4. UREA.— Take some urea crystals. Observe that they are readily 
soluble in water, and tliat efiervescence occurs when fuming nitric acid 
{i.e. nitric acid containing nitrous acid in solution) is added to the solution. 
The effervescence is due to the breaking up of the urea. Carbonic acid 
and nitrogen come ofE. A similar bubbling, due to evolution of nitrogen, 
occurs when an alkaline solution of sodium hypobromite is added to 
another portion of the solution. 

5. Heat some urea crystals in a dry test-tube Biuret is formed, and 
ammonia comes off. 

2CON,H.-CiO,NsHi NH, 

After cooling add a drop of copper-sulphate solution and a few drops of 
20 per-cent. potash. A rose-red colour is produced, 

6. Quantitative estimation of urea. 
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Foe this partrase Dapr^'s appaiatns (fig. 37) U the most convenient. 
It consists of a liottle united to a measoring tube by indiarubber tubing. 
The measuring tnbe (an inverted burette will do very well) is placed within 
a cylinder of water, and can be raised and lowered at will. Measure 
26 o.c. of an alkaline solution of sodium hypobromite (made by mixing 
2 c.c. of bromine with 23 c.c. of a 40 
per-cent. solution of caustic soda) into 
the bottle. Measure 5 c.c. of urine 
into a small tube, and lower it care- 
fully, so that no uiine spills, into the 
bottle. Close the bottle secuiely with 
a stopper perforated by a glass tnbe : 
this glass tube ^ is connected to the 
measuring tube by indiarubber tubing 
and a T-piece. The third limb of the 
T-piece is closed by a piece of india- 
rubber tubing and a pinch-cock, seen 
at the top of the figure. Open the 
pinch-cock and lower the measuring 
tube until the surface of the water is 
at the zero point of the graduation. 
Close the pinob-cock, and raise the 
measuring tube to ascertain whether 
the apparatus is aii-tight. Then lower 
it again. Tilt the bottle so as to upset 
the nrine, and shake well for a minute 
or so. During this time there is an 
evolution of gas. Then immerse the 
bottle in a large beaker containing 
water of the same temperature as that 
in the cylinder. After two or three 
minutes raise the measuring tube until 
the surfaces of the water inside and 
outside it are at the same level. Read 
ott the amount of gas evolved. This 
is nitrogen. The carbonic acid resulting from the decomposition of 
urea has been absorbed by the excess of soda in the bottle. 354 c.c. 
of nitrogen are yielded by 1 gramme of urea. From this the quantity of 
urea in the 5 c.c. of urine and the percentage of urea can be calculated. 
If the total urea passed in the twenty-four hours is to be ascertained, the 
twenty-four hours' urine must be carefully measured and thoroughly 
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mixed. A sample is then taken f;om the total for analysis ; and 
then, hy a simple sum in proportion, the total amount of uiea is 
ascertained. More accurate methods for estimating urea are described 
in Lesson XXII. 

7. CREATININE, (a) Weyl's Teat.— AH a little sodium nitro- 
prusside and caastic soda to the urine. A red eolooi develops, which fades 
on boiling. 

(b) Jajfe'fi 'Test —Add picric acid and a few drops of strong potash ; 
a deep red colour results. This method may be employed quantitatively 
(see Lesson XXm.). If the urme contains sugar, the fluid becomes so 
dark as to be opague. 
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The kidney is a compound tubular gUnd, the. tubulea of which 
differ much in the character of the epithelium that linea them in 
various parts of their couree. The obviously secreting part of the 
kidney is the glandular epithelium that lines the convoluted portion 
of the tubules; there is in addition to this what is usually termed 
the filtering apparatus : tufts of capillary blood-vessela called the 
Malpighian glomeruli are supplied with afferent vesaelfl from the renal 
artery ; the efferent veaaels that leave these have a smaller calibre, and 
thus there is high pressure in the Malpighian capillaries. Certain con- 
atituente of the blood, especially water and salts, pass through the 
thin walls of these vessels into the surrounding Bowman's capsule, 
which forma the commencement of each renal tubule. Bowman's 
capsule is lined by a flattened epithelium, which is reflected over the 
capillary tuft. Though the process which occurs here is generally 
spoken of as a filtration, many physiologists contest the correctness of 
this view. During the passage of this dilute urine through the rest 
of the renal tubule it gains the constituents, urea, urates, etc., which 
are poured into it by the secreting cells of the convoluted tubules. 

GENERAL CEABACTEK8 OF UBIHB 
Quantity. — A man of avei^e weight and height passes from 1400 
to 1600 C.C., or about 50 o?,., daily. This contains about 50 grammes 
(IJ oz.) of solids. The urine should be collected in a tall graduated 
glass vessel capable of holding 3000 c.c, which should have a smooth- 
edged neck accurately covered by a ground-glass plate to exclude dust 
and avoid evaporation. A tew drops of chloroform should be added as 
an antiseptic. From the total quantity thus collected in the twenty- 
four hours, samples should be drawn off for examination. 

Oolour. — This is some shade of yellow which varies considerably in. 
health with the concentration of the urine. It appears to be due to a 
mixture of pigments : of these ii/robilin is the one of which we have the 
most accurate knowledge. Urobilin has a reddish tint and is ultimately 
derived from the blood pigment, and, like bile pigment, is an iron-free 
derivative of hcemoglobin. The bile pigment (and possibly also the 
hsematin of the food) is in the intestines converted into stercobilin ; 
most of the stercobilin leaves the body with the fgeces ; but some is 
reabsorbed and is excreted with the urine as urobilin. Urobilin is very 
like the artificial reduction product of bilirubin called hydrobilirubin 
(see p. 124). Normal urine, however, contains very little urobilin. 
The actual body present is a chromogen or mother substance called 
urobilinogen, which by oxidation (such as occurs when the urine stands 
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i to the air) ia converted into the pigment proper. In cortaio 
d conditious the amoiiut of iirobiliu ia uonsideDLbly increased. 

The moat abundant urinary pigment la a yellow oue called iiro- 
chronie. Some regard it as a derivative of urobilin, but it probably ia 
not related to that aubatanoe. (See Lesson XXV.) 

Reaction. — The reaction of normal nrine ia acid to litmus. This 
acidity is mainly due to acid salts, especially acid sodium phoaphate. 
In certain circumstances the urine becomes lesa acid and even alkaline ; 
the moat important of these are as follows : — 

1. During digestion. Here there is a formation of free acid in the 
stomach, and a corresponding liberation of bases in the blood which 
passing into the urine diminish its acidity, or even render it alltaline. 
This is called the alkaline tvJs ; the opposite condition, the acid (j'rfe, 
occurs after a faat — for instance, before breakfast. 

'2. In herbivorous aniniala and vegetnriana. The food here contains 
cxceas of alkaline salts of acids such as tartaric, citric, malic, etc These 
acids are oxidiaed into carbonates, which passing into the urine give it 
an alkaline reaction. 

The true meaning of iioidity and alkalinity is, however, more fully 
described in the Appendix. 

Specific Gravity.— This should be taken in a sample of the twenty- 
four hours' urine with a good urinometer. 

The specific gravity varies inversely as the quantity of urine passed 
under normal conditions from 1015 to 1025. A apecific gravity below 
1010 should escite auapicion of hydruria; one over 1030 of a, febrile 
condition, or of diabetes, a diaease in which it may rise to 1050. The 
apecific gravity has, however, been known to sink as low as 1002 {after 
large potationa, urina pofvs), or to riae aa high aa 1035 (after great 
sweating) in perfectly healthy persona. 

Oompositiou. — The following table gives the avert^e amounts of the 
urinary constituents passed by a man (taking an ordinary diet contain- 
ing about 100 grammes of protein) in the twenty-four hours : — 



Total quantity of urine 


. ISOO'OO grammes 


Water .... 


. 1440-00 „ 


Total solids 


60-00 










Uric acid . 


0-75 






1-05 




Creatinine 


0-91 




Sodium chloride 


16-5 




Sulplmric ^cid . 


2-01 





•M^ 



31 6 grammes 




1 1 00 




0'65 




2-50 




5-50 „ 




0-36 




0-21 




are water, urea 


, and 


student must not be 


etais separated. 
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Phosphoric acid .... 

Chlorine 

Ammonia ...... 

Potassium ..... 

Sodium ...... 

Calcium ...... 

Magnesium ..... 
The most abundant conatituents of the urin 
aodium chloride. In the foregoing table the 
misled by seeing the names of the acids and i 

acids and the bases are combined to form salts ; urates, chlorides, 
sulphates, phosphates, etc. 

UBEA 

tFrea or Carbamide, C0{NHj)2, is isomeric (that is, has the same 
empirical, but out the same structural formula) with ammoniuni 
cyanate (NH^)C)NO, from which it was first prepared synthetically by 
Wohler in 1828. Since then it has been prepared synthetically 
other ways. Wiihler's observation derives interest from the fact that 
this was the first organic Bubstance which was prepared synthetically 
by chemists. 

When separated from the urine, it is found to be crystalline and 
readily soluble Both in water and in alcohol ; it has a saltisli taste^ 
and IS neutral to litmus paper. 

When treated with nitric acid, nitrate of urea (CON3H4.HNOg) 
is formed ; this crystallises in octahedra, lozenge-shaped tablets, or 
hexagons (fig. 38, »). When treated with oialic acid, prismatic cryatala 
of urea oxalate (OON^H^.H^CgO^ + HgO) are formed (fig. 38, 6). 

These crystals may be readily obtained in an impure form by 
adding excess of the respective acids to urine which has been concen. 
trated to a third or a quarter of its bulk.' 

Under the influence of an enzyme secreted by certain mioro- 
organisms, such as the micrococcus ureaj, which grows readily in stale 
urine, urea takes up water, and is converted into ammonium carbooatA' 
[CON„H^ + 2H3O = (NHj)jCOp]. Hence the ammoniacal odour of putrid 
urine. 

By means of nitrous acid, urea is broken up into carbonic adt^' 
water, and nitrogen, CON^H^ + 2HN0„ = CO^ + SH^O + SNj. Thia matf 
be used as a test for urea. Add fuming nitric acid (i.e. nitric acid 
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containing nitronB acid in sohition) to a solution of urea, or to urine ; 
an abundant evolution of gaa bubbles takes plact;. 

Hypobromite of aoda decomposes urea in the following way: — 
CON3H, + 3NaBrO = COj + Nj -f 2il^0 + 3NaBr 

[nmj {lodluin [carbonla [nitro- [>tmt«r] [lodlum 

bypulitoiDlts] Heidi gen J bramlde] 

This reaction is important, for on it one of the readiest methods for 
estimating urea depends. There have been various pieces of apparutus 
invented for rendering the analyais easy ; but the one described in the 
practical exercise at the head of this lesson is the best. If the experi- 
ment is performed as directed, nitrogen is the only gas that comes off, 
the carbonic acid being absorbed by excess of soda. 1 
nitrogen is a measure of the amount of urea. 



0^0„^ 




The quantity of urea excreted is somewhat variable, the chief cause 
of variation being the amount of protein food ingested. In a man 
taking the usual Voit diet containing about 100 grammes of protein 
(which will contain about 16 grammes of nitrogen) the quantity of 
urea excreted daily averages 33 granjmes (500 grains). The percentage 
in human urine would then be 3 per cent. ; but this also varies, because 
the concentration of the urine varies considerably in health. The 
excretion of lu-ea is usually at a maximum three hours after a meal, 
especially after a meal rich in protein. 

Muscular exercise has but little effect on the amount of nitrogen 
discharged. This is strikingly different from what occurs in the case 
of carbonic acid ; the more the muscles work, the more carbonic acid 
do they send into venous blood, which is rapidly discharged by the 
expired air. Muscular energy is derived normally from the combustion 
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of noii-uitrogenous material ; tliis ia very largely carbotydrate. 
the mUBclos, however, are not supplied with the proper amount of 
carbohydrate and fat, or if the work done is very excessive, then they 
conaiimc Home of their more precious protein material. 

Wliere is Urea formed? — The older authors considered that it 
was formed in the kidneys, just as they also erroneously thought that 
carbonic acid was formed in the lungs. Pri^voBt and Diiiuas i 
first to show that after complete eitiipation of the kidney the forma- 
tion of urea and other waste products goes on, and these accumulate j 
in the blood and tissues. Similarly, in those ca 
which the kidneys cease work, urea is still formed and accumulates. I 
This condition is called urcemin (or urea in the blood), and unless tha ] 
waste substances are discharged from the body the patient dies. 

Urecmia. — This terra was originftlly applied on the erroneous supposition 
that it is urea or some antecedent of urea which acta as the poison. There is no 
doubt that the poison is not any constituent of normal urine ; if the kidneys 
of an animal are extirpated the animal dies in a few days, but there are no 
uremic convulsions. In man also, if the kidneys are healthy or approxi- 
mately so, and suppression of urine oocurs from the simultaneous blookiiig ] 
of both renal arteries by clot, or of both ureters by stones, again uriemia doea 1 
not follow. On the other hand, urasmia may occur even while a patient with 1 
diseased Mndeya is passing a coosiderable amount of urine. What the poison J 
is that is responsible for the convulsions and coma is unknown. It is doubt- ■ 
less some abnormal kataboUc product, but whether this is produced by tha 1 
diseased kidney cells, or in some other part of the body, ia also unknov 

Where, then, is the seat of urea formation? The facts of experiment] 
and of pathology point very strongly in support of the theory that uTOsI 
is formed in the liver. The principal are the following ;- 

1. After removal of the liver in such animals as frogs, urea formationl 
almost ceases, and ammonia ia found in the urine instead. 

2. In mammals, the extirpation of the liver is such a serious oper&- 1 
tion that the animals die. But the liver of mammals can he vm^J 
largely thrown out of gear by the operation known as Eck's fistula, M 
which consists in connecting the portal vein directly to the inferior.f 
vena cava. In these circumstances the liver receives blood only by I 
the hepatic artery. The amount of urea ia lessened, and its place v\ 
taken by ammonia. 

3. When d^enerative changes occur in the liver, as in ctrrAom a 
that organ, the urea formed is much lessened, and its place ia taken fan 
ammonia. In acut^ yellow atrophy, urea is almost a>«ent from the] 
urine, and, again, there is considerable increase in the u 
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this disease amino-acids such as leucine and tyrosine are also found in 
the urine ; these arise from the disiotegration of the proteins of the 
liver cells, but they may in part originate in the intestine, and, escaping 
further decompositioD in the degenerated liver, pass ae such into the 

We have to consider next the intermediate stages between prot«in 
and urea. Tn order that the student may grasp the meaning of urea 
formation it would be advisable for him to turn again to p. 71 and read 
the paragraph there relating to Chittenden's views on diet, and to pp. 1 26 
and 131, which treat of protein absorption, for the question. What is a 
normal diet ? is intimately bound up with the question. What is a 
normal urine ? If, for instance, the diet of the future is to contain 
only half as much protein as in the past, the urine of the future will 
naturally show a nitrogenous output of half of that which has hitherto 
been regarded aa normal. In people on such a reduced diet, Folin has 
shown that the decrease in urinary nitrogen falls mainly on the urea, 
but certain other nitrogenous katabolites, particularly one called 
creatinine, remain remarkably constant in absolute amount in spite of 
the great reduction in the protein ingested. 

The laws governing the composition of urine are obviously the 
effect of the laws that govern protein katabolism. Many years ago 
Voit supposed that the protein ingested was utilised partly in tissue 
formation, and partly remained in the circulating fluids as " circulating 
protein " ; he further considered that the breakdown of the protein in 
the tissues was accomplished with much greater difficulty than that in 
blood and lymph, and that the small amount of " tissue-protein " which 
disintegrates as the result of the wear and tear of the tissues was 
dissolved and added to the "circulating protein," in which alone the 
formation of final katabolic products such as urea was supposed to 
occur. As time went on, it was shown that many facts were incom- 
patible with this theory, and so it was largely displaced by Pfliiger's 
view, in which it was held that the food protein must first be assimilated, 
and become part and parcel of living cells, before katabolism occurs. 
We now know that neither of these views is correct, and that nitro- 
genous katabolism is of two kinds; one kind varies with the food; 
it is therefore variable iu amoimt, and occurs almost immediately or 
within a few hours after the food is absorbed ; the amino-acids absorbed 
from the intestine are in great measure never built into living proto- 
plasm at all, and are simply taken to the liver, where they are 
deamidiaed, and their nitrogenous part converted into urea, This 
variety of katabolism is culled exogeitoun. The other kind of metabolism 
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is constant in quantity and smaller in amount, and is due to the actual 
breakdown of protein matter in the body cells and tiesues, which had 
been built into them previoualy. This form of metabolism is called 
tndogenout or tissue metabolism, and the linal product is in. part urea, 
but the waste nitrogen finds its way out of the body in other substances 
also, of which creatinine appears to be important. This form of 
metabolism seta a limit to the lowest level of nitrogenous requirement 
attainable; the protein sufficient to maintain it is indispensable. 
Whether the amount of protein which is eiogenously metabolised can 
be entirely dispensed with is at present questionable, and those who 
seek to replace it entirely by non-nitrogenoua food are living dangerously 
near the mai^n. A point of considerable importance in this connection 
is, that the nitrogen of the protein is split off from it by hydrolysis 
without oxidation. There is thus very little loss of potential energy, 
the energy of the products being nearly equal to that of the original 
protein ; it is, however, the non-nitrogenous residue which is mainly 
available for oxidation, and thus for calorific processes. The fact that 
muscular work does not normally increase nitrogenous metabolism 
becomes intelligible in the light of the consideration that protein 
katabolism, in so far as its nitrogen is concerned, is independent of the 
oxidations which give rise to heat, or to the energy which is converted 
into work. The body is very economical in so far as protein ia 
concerned, and tissue or endogenous katat^lism is kept at a low level. 

What is the proportion between exogenous and eadogenoua nitn^en 
katabolismi It ia very difficult to give any exact estimate, We do 
know that in ordinary diets, the former is far in excess, and probably 
in a man excreting 16 grammes of nitw^en daily (that ia, the amount 
corresponding to an intake of 100 grammes of protein), only a quarter 
of this or even lesa represents tisaue breakdown. 

The view we have advanced concerning urea formation, then, is 
that it ia mainly the result of the converaion, by the liver, of amino- 
acids aljsorbed from the intestine into that substance. This view 
receives confirmation from experiments in which certain amino-acids, 
such as glycine, leucine, and arginine, have been injected direct into 
the blood-stream. The result ia an increased formation of urea. In 
the case of arginine the exact chemical decomposition which takes place 
is known. We have already seen that ai^inine ia a compound of a urea 
radical and a substance called ornithine (di -amino- valeric acid, see 
p. 48) ; the liver ia able to hydrolyse arginine, and so urea is liberated. 
This power is due to the action of a special enzyme called arffinaie, 
which, although it is also found in other organs, is specially abundant 
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in the liver. In addition to this the ornithine itself is further broken 
up, and so an extra quantity of urea formed. On the other hand, there 
are some amino-aoida (e,^^. tyrosine) which on injection do not lead to 
any increase in area formation. 

If, however, we glance at the formula of ornithine, we see that it 
has one point in common with other amino-acids, such as glycine and 
leucine, to take simple examples : — 



Ornithine C^HisNjO^ 
(31ycine C'sHjNO, ' 
Leucine CgHj,Nd, 



1^ if n. 



' That is, in ail cases the carbon atoms are more numerous than the 
nitrogen atoms. In urea, CON^H^, the reverse is the case. The 
amino-acids must therefore be split into simpler compounds, which 
unite with one another to form urea. Urea formation in thus in part 
synthetic. These simpler uompoimds are ammonium salts. Schroder's 
work proves that ammonium carbonate is one of the urea precursors, 
if not the principal one. -The equation which represents the reaction 
B follows : — 

(NH JgCOj = CONjH, + 2HjO 

[ammonliuii [ureal [mlerl 

carbontits] 

Schroder's principal experiment was this : a mixture of defibrinated 
blood and ammonium carbonate was injected into the liver by the 
portal vein ; the blood leaving the liver by the hepatic vein was 
found to contain urea in abundance. This does not occur when the 
same esperiment is performed with any other organ of the body, so 
that Schroder's experiments also prove the great importance of the 
liver in nrea formation. Similar results were obtained by Nencki with 
ammonium carbamate. 

We must further remember that ammonia itself is one of the pro- 
ducts of digestion of protein in the intestine, and it may possibly, to a 
small extent, be a result of tissue katabolism. This ammonia passes 
into the blood, where it unites with carbonic acid to form either the 
carbamate or carbonate of ammonium. Thus ammonia, whether formed 
directly or by the breakdown of amino-acids, is the principal immediate 

ipreoursor of urea. 
W The following structural formulte show the relationship between 
Immonium carbonate, ammonium carbamate, and urea: — 
L 



0_(,/O.NH. 
" ^\O.NH, 



or flifbunlda] 
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The loss of oDe molecule of water from ammonium carbonate pro- 
ducee ammonium carbamate ; the Iobs of a second molecule of water 
produces urea. 

AHHOHIA 

The urine of man and carnivora contains small quantities of 
ammonium salts. The reason that some ammonia always slips through 
into the urine is that a part of the ammonia-containing blood passes 
through the kidney before reaching organs, such as the liver, which are 
capable of syntheBiaiiig urea. In man the daily amount of ammonia 
excreted varies betweeu 0*3 and 1 '3 gramme : the average is 07 gramme. 
The ingestion of ammonium carbonate does not increase the amount of 
ammonia in the urine, but increases the amount of urea, into which 
substance the ammonium carbonate is easily converted. But if a more 
stable salt, such as ammonium chloride, is given, it appears as such in 
the urine. 

In normal circumstances the amount of ammonia depends on the 
adjustment between the production of acid substances in metabolism 
and the supply of bases in the food. Ammonia formation is the 
physiological remedy for deficiency of bases. 

When the production of acids is escessive (as in diabetes), or when 
mineral acids are given by the mouth or injected into the blood-stream, 
the result is an increase of the physiological remedy, and escess of 
the ammonia passes over into the urine. Under normal conditions 
ammonia is kept at a minimum, being finally converted into the less 
toxic substance urea, which the kidneys easily excrete. The defence 
of the organism against acids which are very toxic is an increase of 
ammonia formation, or, to put it more correctly, less of the ammonia 
formed ia converted into urea. 

Under the opposite conditions — namely, excess of alkali, either in 
food or given as such — the ammonia disappears from the urine, all 
being converted into urea. Hence the diminution of ammonia in the 
urine of man on a vegetable diet, and its absence in the urine of 
herbivorous animals. 

Not only is this the case, but if ammonium chloride is given to a 
herbivorous animal like a rabbit, the urinary ammonia is but little 
increased. It reacts with sodium carbonate in the tissuea, forming 
ammonium carbonate (which is excreted as urea) and sodium chloride. 
Herbivora also sufler much more from, and are more easily killed by, 
acids than carnivora, their oi^anisation not permitting a ready supply 
;i to neutralise excess of acids. 
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Creatine is an abuiidint cooBtitiient of muacle ; its chemical 
structure is very like that of arginine ; it contains a urea radical, 
and by boiling it with baryta it splits into urea and sarcosine (methyl- 
glycine), as shown in the lollowing equation ; — 

C^H^NgOs + H^O = CONgH^ + CjHjNO^ 

The same decomposition is shown graphically on p. 48. 

Creatine is absent from normal urine, but it is present in the urine 
during starvation, in acute fevers, in women during involution of the 
uterus, and in certain other conditions in which there is rapid loss of 
muscular material 

Its normal fate in the body is unknown ; it may be converted into 
urea as in the foregoing equation, hut injection of creatine into the 
blood-stream does not cause any increase in urea formation ; the creatine 
injected is almost wholly excreted unchanged. 

It also is not converted into creatinine ; although it has been 
generally assumed that this conversion does occur. The transformation 

ireatine into creatinine is shown in the following equation : — 



^^Ttece 



C^H^NjOj - 



(cent researches have entirely failed to substantiate the view that 
the urinary creatinine originates from the muscular creatine, if 
creatine (an innocuous neutral substance) were converted by the loss 
of water in the muacies into creatinine (a strongly basic substance), 
it would be contrary to all that is known of the chemical changes that 
occur in the body. 

Creatinine is present in the urine. Amongst all the inconstancies 
of urinary composition, it appears to be the substance most constant 
in amount, diet and exercise having no effect on it. Folin's view, that 
its amount is a criterion ot the extent of endogenous nitrogenous 
metabolism, has steadily gained ground, and the work of the past 
few years has shown that the liver and not the muscles is the seat 
of its formation. Some observers have supposed that certain tissue 
enzymes, termed creataae and creatinaae, are agents in its formation 
and destruction ; othera have failed to discover the presence of these 
enzymes in the liver. On this and on other points there are differ- 
ences of opinion, but without discuMing the pros and cons of minor 
details, the following view of Mellanby may be taken as a working 
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bypotheais of the metabolic history of the aubstanceB in question. 
Mellanby took as his starting- point the investigation of the contra- 
dictoiy data relating to the proportion of creatine and creatinine in 
muscle, and by improved methods showed that creatinine is never 
present in muscle at all, even after prolonged muscular work. He then 
studied in the developing bird the amount of creatine at different stagea, 
and found that it is entirely absent in the chick's musculature up to 
the twelfth day of incubation ; after this date the liver and the muscular 
creatine develop pari paim. After hatching, the liver still continues 
to grow rapidly, and the creatine percentage in the muscles increases 
also, although the development in the size of the muscles occurs very 
slowly. This and other experiments on the injection of creatine and 
creatiuine into the blood-stream finally led Mellanby to the following 
hypothesis : Certain products of protein katabolism, the nature of 
which is uncertain, are carried by the blood to the liver, and from 
these the liver forms creatinine ; this is transported to the muscles 
and there stored as creatine ; when the muscles are saturated with 
creatine, excess of creatinine is then excreted by the kidneys. The small 
amount of creatinine excreted in diseases of the liver also supports the 
view that that organ is responsible for creatiuine formation. 

These views will no doubt be subjected to the usual tests of criticism 
and renewed research ; they certainly appear to explain some of our 
previous difficulties, though the ultimate fate of the muscular creatine 
is still unsolved. 

THE INOBGANIO OOHSTITUEHTS OF UBINE 

The inorganic or mineral constituents of urine are chiefly chlorides, 
phosphates, sulphates, and carbonates ; the metals with which these 
are in combination arc sodium, potassium, ammonium, calcium, and 
magnesium. The total amount of these sa.lts excreted varies from 19 
to 25 grammes daily. The most abundant is sodium chloride, which 
averages in amount 10 to 16 grammes per diem. These substances 
are derived from two sources— -first from the food, and secondly as the 
result of metabolic processes. The chlorides and most of the phos- 
phates come from the food ; the sulphates and some of the phosphates 
are a result of metabolism. The sulphates are derived from the 
changes that occur in the proteins ; the nitrogen of proteins leaves the 
body chiefly as urea ; the sulphur of the proteins is oxidised to form 
sulphuric afiid, which passes into the urine in the form of sulphates. 
The excretion of sidphates, moreover, runs parallel to that of urea 
Sulphates, Uke urea, are the result of exogenous protein metabolism; 
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endogenous metitboliam ao far as sulphur is ooaoerned is Fopresented 
in the uriue chiefly by leas fully oxidised compounds of sulphur. The 
chief teats for the various salts have been given in the practical exer- 
cises at the head of this lesson. 

Chlorides. — The chief chloride is that of sodium. The ingestion of 
sodium chloride is followed by its appearance in the urine, some on the 
same day, some on the next day. Some is decomposed to form the 
hydrochloric acid of the gastric juice. The salt, in passing through 
the body, fulfils the useful office of stimulating metabolism and 
excretion. 

Sulpbatea. — The sulphates in the urine are principally those of 
potassium and sodium. They are derived from the metabolism of 
proteins in the body. Only the smallest trace enters the body with 
the food. Sulphates have an unpleasant bitter taste (for instance, 
Epaom salts) ; hence we do not take food that contains them. The 
sulphates vary in amount from 1-5 to 3 grammes daily. 

In addition to these sulphates there is a small quantity of sulphuric 
acid, comprising about one-tenth of the total which is combined with 
organic radicals ; the compounds are known as ethereal sulphates, and 
they originate mainly from putrefactive processes occurring in the in- 
testine. The most important of these ethereal sulphates are phenyl 
sulphate of potassium and indoxyl sulphate of potassium. The latter 
originates from the indole formed in the intestine, and as it yields 
indigo when treat«d with certain reagents it is sometimes called indican. 
It is very important to remember that the indican of urine is not the 
same thing as the indican of plants. Both yield indigo, but there the 
resemblance ceases. 

The equation representing the formation of potassium phenyl- 
sulphate ia as follows ; — 

C^HjOH + 80,^21 « ^O^^^l^^^ + HjO 

[pbaUDl] [potUBlum (polaastum [wsler] 

bydrogfin gu]phtte] pheiijl julphste] 

The formation of potassium indoxyl-sulphate may be represented 
CH 
as follows ; — Indole, CgH^^^CH on absorption is converted 

NH 
C.OH 
into iudoxyl : C„H,<^^CH. 
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Indoxyl then interacts with potassium hydrogen sulphate ae 



CgHTNO + SO. 



^« 






b 



The formation of such sulphates is important ; the aromatic sub- 
stances liberated by putrefactive processes in the intestine are poisonous 
but their conTersioti into ethereal sulphates renders them innocuous, 
{For tests for iadoiyl in urine see Advanced Course, Lesson XXV.) 

Carbonates. ^Carbonates and bicarbonates of sodium, ualcium, 
magneatum, and ammonium are present in alkaline urine ooly. They 
arise from the carbonates of tlie food, or from vegetable acida (maiio, 
tartaric, etc.) in the food. They are, therefore, found in the urine of 
herbivora and vegetarians, whose urine is thus rendered alkaline. Urine 
containing carbonates becomes, like saliva, cloudy on standing, tlie 
precipitate consisting of calcium carbonate, and also phospbates. 

Phosphates.— Two classes of phosphates occur in normal urine :- 

(1) Alkaline phosphates^ that is, phosphates of sodium (abundant) 
and potassium (scanty). 

(2) Karthy phosphates — that is, phosphates of calcium (abundant)' 
and magnesium (scimty). 

The composition of the phosphates in urine is liable to variation. 
In acid urine the acidity is due to the acid suite. These are chieSf 
sodium dihydrogen phosphate, NaU^PO^, and calcium dihydrogefl 
phosphate, Ca(H2P0j2. 

In neutral urine, in addition, disodium hydrogen phosphate 
(NajHPOj), calcium hydrogen phosphate, CaHPO^, and magQesium 
■hydrogen phosphate, MgHPO^, are found. In alkaline urine there may 
be instead of, or in addition to the above, the normal phosphates ot 
sodium, calcium, and magnesium [Na^PO Caj{rO ) MgjiPOj)^]. 

The earthy phosphates are prec p tated by render ng the urine 
alkaline by ammonia. In nne undergo ug p trefa t on, ammonia is 
formed from the urea : th s also pre [ bates the ei rthy phosphates. 
The phosphates most frequently f nd n the wh te creamy precipitata I 
which occurs in decompos ng unne are^ 

(1) Triple phosphate or ammonio-magnesmm phosphate (NHjMgPO.J 
+ 5HjO). This crystallises in "coffln-lid" crystals (see fig. 39) ( 
feathery stars. 

(2) Stellar phosphate, or calcium phosphate, which crystallise 
star-like clusters of prisms. 

As a rule, normal tirine gives no precipitate when it is boiled ; bufc| 
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sometimes neutral, alkaline, and occasionallj faintly acid uriDe gives 
a precipitate of calcium phosphate when boiled ; this precipitate is 
amorphoiis, and is liable to be mistaken for albumin. It may be 
diatiaguished readily from albumin, as it is soluble in a few drops of 
aoetio acid, whereas coagulated protein does not dissolve. 






The phosphoric acid in the urine chiefly originates from the 
phosphates of the food, but is partly a decomposition product of the 
phoaphorised organic materials in the body, auch as lecithin and 
nuclein. The amount of P^O^ in the twenty-four hours' urine varies 
from 2'5 to 3'5 grammes, of which the earthy phosphates contain 
about halt (1 to 1-5 gr.). 
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1. UREA NITRATE.— Evaporate some mine in a capsule to a 
quarter of its bulk. Pour the concentrated urine into a watch-gJaBs; 
let it cool, and add a few drops of strong, but not fuming, nitric acid, 
Crystals of urea nitrate separate out. Examine these microscopicallr. 

2. UREA OXALATE. -Concentrate the urine as in the last exercise, 
and add oxalic acid. Crystals of urea oxalate separate ont. 
these microscopically. 

3. URIC ACID.— Examine microscopically the crystals of uric add 
in some urine, to which 5 per cent, of hydrochloric acid has been added 
twenty-four hours previously. Note that they are deeply tinged with 
pigment, and to the naked eye look like granules of cayenne pepper. 

Wlien microscopically examined, the crystals are seen to be large 
bundles, principally in the shape of barrels, with spicules projecting from 
the ends, and whetstones. If oxalic acid is used instead of hydrochloric 
acid in this experiment, the crystals are smaller, and more closely 
resemble those observed in pathological urine in cases of uric acid gravel 
(see &e. 40). 

Dissolve the crystals in caustic potash and then carefully add exoen 
of hydrochloric acid. Small crystals of uric acid again form. 

Murexide Test. — Place a little uric acid, or a urate (for instance, 
serpent's urine), in a capsule ; add a little dilute nitric acid and evaporate 
to dryness. A yellowish-red residue is left. Add a little ammonia 
carefully. The residue turns to violet. This is due to the formation of 
murexide or purpurate of ammonia. On the addition of potash the 
colour becomes bluer. 

Schiff's Teat. — Dissolve some uric acid in sodium carbonate solu- 
tion. Pnt a drop of this on blotting paper, add a drop of silver nitrate, 
and warm gently ; the black colour of reduced silver is seen on the 
paper. 

Folin's Test. — Suspend a minute quantity of uric acid in a few 
c.c. of water and add two or three drops of a satorated solation 01 
sodium carbonate to dissolve it. To the clear solution add 1 or S o.c. 
of Folin's phoaphotnugstic acid reagent (see Lesson XXm.), and enough 
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saturated sodinm carbonate solution (or a few crystals of sodinm car- 
bonate) to render the mixture alkaline. A blue colour develops. This 
test may be employed for the estimation of uric acid in urine (see 
Lesson XXni.). 

4. DEPOSITS OF URATES OR LITHATES (LATERFCIOUS 
DEPOSIT). — The specimen of urine from the hospital contaii^ excess of 
mates, which have become deposited on the urine becoming cool. They 
are tinged with pigment (uroerythrin), and have a pinkish colour, like 
brickdust; hence the term " lateritious." Examine microscopically. 
The deposit is usually amorphous — that is, non-crystalline. Sometimes 
crystals of calcium oxalate (envelope crystals — octahedra) are seen 
also ; these are colourless. 

The deposit of urates dissolves on heating the urine. 

5. DEPOSIT OF PHOSPHATES.— Another specimen of pathological 
urine contains excess of phosphates, which have formed a white deposit 
on the urine becoming alkaline. This precipitate does not dissolve on 
beating ; it may be increased. It is, however, soluble in acetic acid. 
Examine microscopically for cofBn-lid crystals of triple phosphate 
(ammonio-magnesium phosphate), or crystals of stellar (calcium) 
phosphate, and for mucus. Mucus is flocculent to the naked eye, 
amorphous to the microscope. 

N.B.— On boiling neutral, alkaline, or even faintly acid uiine it may 
become turbid from deposition of phosphates. The solubility of this 
deposit in a few drops of acetic acid distinguishes it from albumin, for 
which it is liable to be mistaken. 

Some of the facts described in the foregoing exercises have been 
already dwelt upon in the preceding lesson. They are, however, con- 
veadently grouped together here, as all involve the use of the microscope. 
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ITBIC ACID 

Uric acid (C^N^H^Oj) is in mammals the mediuBi by which only a 
small quantity of nitrogen is excreted from the body. It is, however, 
in birds and reptiles the principal nitrogenous constituent of their 
urine. It is not present in the free state, but is combined with bases 
to form urates. 

It may be obtained from human urine by adding 5 c.c. of hydro- 
chloric acid to ] 00 c.c. of the urine, and allowing the mixture to stand 
for twelve to twenty-four hours. The crystals which form are deeply 
tinged with urinary pigment, and though by repeated solution in 
caustic soda or potash, and reprecipitation by hydrochloric acid, they 
may be obtained free from pigment, pure uric acid is more readily 
obtained from the solid urine of a serpent or bird, which consiats 
principally of the acid ammonium urate. This is dissolved in soda, 
and then the addition of hydrochloric acid produces as before the 
crystallisation of uric acid from the solution. 

The pure acid crystallises in colourless rectangular plates or prisms. 
In striking contrast to urea it is a most insoluble substance ; at 37° G. 
Tiric acid dissolves in pure water in the proportion of I : 15000 
(Gudnent), and at 18° in the proportion 1.: 39500 (His and Paul). The 
forms which uric acid assumes when precipitated from human urine, 
either by the addition of hydrochloric acid or in certain pathological 
processes, are very various, the most frequent being the whetstone 
shape ; there are also bundles of crystals resembling sheaves, barrels, 
and dumb-bells (see fig. 40). 

The murexide test which has just been described among the practical 
eseroisea is the principal test for uric acid. The test has received the 
name on account of the resemblance of the colour to the purple of the 
ancients, which was obtained from certain snails of the genus Murex. 

Another reaction that uric acid undergoes (though it is not applicable 
as a test) Is that on treatment with certain osidising reagents urea and 
oialic acid can be obtained from it. It is, however, doubtful whether a 
similar oxidation occurs in the normal metabolic processes of the body. 

Uric acid does not contain the carbosyl group (COOH) which is . 
typical of organic acids, and in aqueous solution its reaction is neutral. 
Nevertheless one of its hydrogen atoms is replaceable by a metallic 
radical, and it acts therefore in aqueous solutions as a monobasic acid, 
and ^oiMS primary mitt (also called mono-, bi-, or acid urates). In the 
presence of strong bases it forms secondary salts (also called neutral, 
normal, or di-urates). The secondary salts, however, only exist in the 
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solid condition or in the presence of strong alkali. By water, they are 
decomposed at onoe into primary ealt and alkali ; by carbonic acid, they 
are decomposed into primary salt and alkali carbonate. A third aeriei 
ot salts (qnadri-urates or hemi-uratea) were formerly assumed to exist, 
but it baa been shown tbat these substances are merely mixtures of 
uric acid and primary urate. 

In water, in urine, and in the blood we have only to deal with primary 
urates. It has been recently shown that the primary or mono-Bodium 
urate (CjHgNaN.,03) occurs in two modifications, the a and the p forma. 
The unstable a-salt is gradually transformed in aqueous solution into 
the stable /3-salt owing to an iutra-molecular change. It is assumed 
that the two salts correspond to the two 
tautomeric modifications of uric acid (see 
p. 201), the lactam form giving rise to the 
unstable and the lactim form to the stable 
salt. The solubility of the unstable ti form 
at 37' C. is about 34 per cent, greater than 
that of the ^ form. These facts have a 
bearing on the pathological conditions occur- 
ring in gout ; normally the small amount of 
urate in the blood is held in Bolution ; in 
gout the amount is increased, and the excess 
is probably in the uuBtiible a form : the con- 
version of this into the stable ^ form gives 
rise to the deposition of urates in the tissues fio. jo.— otig noid iTysUH. 
which occurs during the course of the attack. 

The quantity of uric acid excreted by an adult varies from 7 to 
10 grains (05 to 0'76 gramme) daily. The method used for estimating 
uric acid is baaed ou the discovery made by Hopkina, that when the 
urine is saturated with ammonium chloride, all the uric acid is pre- 
cipitated in the form of ammonium urate ; the precipitate is collected 
and the uric acid in it is then determined. Details of the Folin-Shaffer 
methofi founded on this reaction and of Folio's new colorimetric method 
with phdhphotungstii: acid are given in Lesson XXIIl. 

Origin of Uric Acid. — Uric acid is not formed in the kidney. When 
the kidneys are removed uric acid continues to be formed and accumu- 
lates in the organs, especially in the liver and spleen. The liver has 
been removed from birds, and uric acid is then hardly formed at all, 
_ iix place being taken by ammonia and lactic acid. It is therefore 

rob&ble that in these animals ammonia and lactic acid are normally 

mtheaised in the liver to form uric acid. 
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This synthetic origin of uric acid, which is so importwit in birds 
and snakes, does not, however, occur in mammalB. In mammals 
uric acid is the chief end-product of the katabolism of cell nuclei or 
of nucleic acid, the principal constituent of the nuclei (see p. 64). 
This therefore leads us nest to study : — 

Purine Suhatances. — Emil Fischer has shown that among the 
decomposition products of nuclein are derivatives of a substance he 
has named purine. The empirical formulEe for purine, the purine bases, 
and uric acid are as follows : — 
Purine . . CjH,N, 

Hypozan thine . CjH,N^O Monoiy purine -i 

Xanthine . CjH^N^Og Dioiy purine [Purine 

Adenine CjHjN^.NHj Amino-purine fbaees. 

Guanine . CjHgNjO.NHj Amino-oiypurineJ 

Uric acid , . CjH^N^Oj Trioxypurine 

There are a vast number of purine derivatives, but many of them 
have at present no physiological importance. Others in addition to 
those already enumerated are theophylline (dimethyl-xanthine), 
theobromine (also a dimethyl-xanthine), caffeine (trimethyl-xanthine) ; 
these are of interest, as they occur in tea, cocoa, and coffee. A few 
words more may be added in respect to those in our list. 

Pnrine itself has never been discovered in the body. It has the 
following structural formula : — 

N=C— H 

I I 

H— C C— NK 

II II >-H 



The purine nucleutt is depicted in the next formula, and its atoms 
have been empirically numbered as shown, for convenience of de- 

'N— "C 
I I 

Bypoxauthine is found in the body tissues and fluids, and in the 
med 6-osypurine, as the oxygen is attached to 
1 the purine nucleus. 

^ajithine is found with hypoianthine in the body. It is 2, 6-dioxy- 
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purine, its oxygen atoms being attached to the atoms mimbereci 2 and 
6 in tbe purine nucleus. 

HN — C=0 
II II 



^^^ 6 in the p 

B^L HN 

■ ^^ 

^^^" Adenii 



C— NH. 



;C— H 



0=C C— NR 



>C— H 



[hjipounthlne] [isnthlne] 

Adenine is found in the tissues, blood, and urine. It is 6-ainiuo- 

(Jnanine is also a, decompoaitiou product of nucleins. Combined 
with calcium it gives the brilliancy to tbe scales of fishes, and is also 
found in the bright tapetum of the eyes in these animals. It is a con- 
stituent of guano, and here is probably derived from the fiah eaten by 

^^^^ffiarine birds. It is 2-amino-6-oiypurine. 

^^k, N = C — NH, HN — C = 

^^V^'B— C C — NH HjN— C C — NH 

^^B II II >C-H II II >C-H 

^^H N — C— N^ N — C— N-^ 

^^^^ Uric acid {2, 6, 8-trioxypurine) offers an esample of tautomerism 
(see p. 31). E. Fischer showed that it exists in two modifications 
I according to the following formulae ;^ 

^^^ H.N — C : N — C.OH 



H.N — C : 

I i 

1 C C — NH, 

I II >co 

H.N — C — NH/ 



"\. 



HO.C C 

I 1 

N _ 

llBctlm mDdlfl cation fonnlDE 



;C.OH 



The close chemical relationship of uric acid to the purine bases is 
obvious from a study of the tormulie just given. Just as in the case 
of urea, uric acid, however, may be exogenously or endogenously 
formed. Certain kinds of food increase urio acid because they contain 
nuclein (tor instance, sweetbreads) in abundance, or purine bases (for 
instance, hyposanthine in meat) ; the urio acid which originates in this 
way is termed exogenovs. Ceitain diets, on the other band, increase uric 
acid formation by leading to an increase of leucocytes, and consequently 
to an increase in the metabolism of their nuclei ; in other cases the 
leucocytes may increase from other causes, as in the disease named 
leucocythfemla. The uric acid that arises from nuclear katabolism 
ia termed tndogenou». Although special attention has been directed to 
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the nuclei of leucocytes because tbey can be readily esankined dnring 
life, it muat be remembered that nuclein metaboliem of all cell* may 
contribute to uric acid farmation. 

A study of uric acid formation forms a useful occasion on which 
to allude to enzyme actions in metabolism generally. Enzymes of a 
digestive kind are not confined to the interior of the alimentary canal j 
but moat of the body cells are provided with enzymes to assist them, 
either in utilising the nutrient materials brought to them by the blood- 
stream, or in breaking them down previously to expelhng them u 
waste substances. The enzyme which enables -the liver cells to tnm 
glycogen into sugar is the one which lias been known longest. The 
enzyme called arginase (see p. 188), which leads to the hydrolysis oi 
arginine into urea and ornithine, is one of the more recently discovered. 
Other esamples which may be mentioned are proteolytic and peptolytifl 
enzymes (tissue erepsin, etc.) found in many organs. 

The formation of uric acid from nnclein is perhaps the best instaacfl. 
of alt, for here we have to deal with numerous enzymes acting one aftfl^ 
another. These are present to aa almost negligible extent in the juices 
of the alimentary canal, and have been studied in the extracts of 
different organs ; their distribution varies a good deal : 
animals, and in the different organs of the same animal ; speaking 
generally, they are moat abundant In liver and spleen. The general 
term nuclease is given to the whole group, and a dozen or more have 
been described which deal with different steps in the cleavage of the 
nucleic acid complei. They are classified into nueleinoies which resolve 
the molecule into mononucleotides, t.e., compounds of uarbohydrat*, . 
phosphoric acid, and one base ; nucleotidases which liberate phosphorie 
acid, leaving the carbohydrate still united to the base; nucleotidata • 
which hydrolyticaUy cleave the base and carbohydrate apart ; deafnidant 
which remove the amino-group from the purine bases so set free ; 
of these, called ademue, converts adenine into hypoianthine, and anotheig 
called guonaee, converts guanine into xanthine. Finally, txadaies % 
in, which convert hyposauthine into xanthine, and xanthine into \ 
acid. But even that does not bring the list to a conclusion, for in bc 
organs (especially the liver) there is a capacity to destroy uric acid aJ 
it is formed, and so animals are protected from a too great accnmulatiofi 
of this substance. What exactly happens to the uric acid is not certain, 
although it is clear that the products of its breakdown (probably 
allantoin and urea) are not so harmful as uric acid itself. The e 
responsible for uric acid destruction is called tbe uricolytie 
The uric acid which ultimately escapes as urates (normally) ii 
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undeBtroyed re8id\ic. The uricotytic enzyme, howei 
iDt to any marked extent iu the human subject. 



HIPPUKIO ACID 
Hipporic acid ((!jHgNf>s,), coinbined with hases to form hippiirates, 
is presBDt in small quantities in human urine, but in large quantities in 
that of herbivora. This is due to the food of herbivora containing 
substances belonging to the aromatic group — the benzoic acid series. 
If benzoic acid is given to a man, it unites with glycine with the 
ehmination of a molecule of water, and is escreted as hippuric acid : — 

PCHjNHa CHjNH.CO.CflHs 
C^H5C0OH+ 1=1 +H2O 

COOH COOH 
[beaiDlo icldl [glycine) [hippuric ftc Id] [water] 

This is a well-marked instance of synthesia carried out in the animal 
body, and experimental investigation ahows that it is accomplished by 
the living cells of the kidney itself ; for if a mixture of glycine, benzoic 
acid, and defibrinftted blood is injected through the kidney (or mixed 
with a minced kidney jnst removed from the body of an animal), their 
place is found to have been taken by hippuric acid. 

It may be crystallised from horse's urine by evaporating to a syrup and 
saturating with hydrochloric acid. The crystals are dissolved in boilmg 
water, filtered, and on cooling the acid again (irystaUises out. It melts at 
186° C., and on further heating gives rise to the odour of bitter almond oil. 

DBINARY DEPOSITS 

The different substances that may occur in urinary .deposits are 
formed elements and chemical substances. 

The fonned or histological elements may consist of blood corpuscles, 
pus, mucus, epithelial cells, spermatozoa, casts of the urinary tubules, 
fungi, and entozoa. All of these, with the exception of a small quantity 
of mucus, which forms a flocculent cloud in the urine, are pathological, 
and the microscope ia chiefly employed in their detection. 

The chemical substances are uric acid, urates, calcium oxalate, 
calcium carbonate, and phosphates. Rarer forms are leucine, tyrosine, 
xanthine, and cystine. We shall, however, hero only consider the 
commoner deposits, and for their identification the microscope and 
chemical tests must both be employed. 

Deposit of Uric Acid. — This is a sandy reddish deposit resembling 
cayenne pepper. It may be recognised by its crystalline form 
(fig. 40, p. 199) and by the muroxide reaction. The presence of 
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tbeee ciystalB generally indicates an iDcreased formation of uric acid, 
and, if esceeaive, may lead bo the tormation of atones or calculi 
^^ the urinary tract. 

.«Uto ^B Deposit of Urates. — This is much commoner, 

^ff and may, if the urine ia concentrated, occur 

normal urine when it cools. It ia generally found 
in the concentrated urine of fevers; and tliere 
appears to be a kind of fermentation, called the 
acid fennentation, which occurs in the urine after 
it has been passed, and which leads to the same 
result. The chief constituent of the deposit ii 
""' "■"ij'^^""'"""™ primary or mono-sodium urate. 

This deposit may be recognised as follows ;■ 

1. It haa a pinkish colour; ttie pigment called uro-eri/thri-n ia 
of the pigments of the urine, but its relationship to the other urinary 
pigments is not known (see further Lesson XXV.). 

2. It dissolves upon warming the urine. 
Microscopically it is usually amorphous, but crystalline forma 

similar to those depicted in figs. 41 and 42 may occur. 
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oxalate may be mixed with this deposit (aee 
'elope crystals 
s soluble with 
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Crystals of calcii 
fig. 43). 

Deposit of Calcium Oxalate, — Tbis occurs i 
(octahedra) or dumb-bells. 

It is insoluble in ammonia, and in acetic acid, 
difficulty in hydrochloric acid. 

Deposit of Cystine, — Cystine (CuHj^N^SjOj) is recognised by its 
colourless six-sided crystals (fig, 44). These are rare : they occur only 
in acid urine, and they may form concretions or calculi. The constitu- 
tion of cystine is given on p. 49 ; by reduction a substance called 
cygteine (ami no-thio-prop ionic acid) is obtained from it. Cysteine yields 
on oxidation cysteio acid, and this splits into taurine and carbon dioxide. 
There is a good deal of evidence tbat the taurine of the bile is the souroe 




URlNARy DEPOSITS 

of the cystine of the urine ; tbia anomalous course of metabolism i 
in families. The following formutse indicate the relationship of cystein 
oysteio acid, and taurine : — 

CH^.SH CHj.SO„.OH CHs.SO^.OH 

I 1 ' I 

CH.NHj CH.NHa CHj.NHj 

I I 

COOH COOH 

IciiMioBl |aril«lc Bcid] [tiurinr) 

Deposit of PhoBpha tea. — Theae ocour in alkaline urine. The urin 
ay be alkaline when passed, due to fermentative chaufjea occurring i 




I 

I tie bladder. All urine, however, it exposed to the air (unless the air is 

perfectly pure, as on the top of a auow mountain), will in time become 

I alkaline owing to an enzyme formed during the growth of the microcoecut 

^^kS ufeie. This forma ammonium carbonate from the urea. 



CON^H, + 3H20=(NH^),CO, 



.mmonia renders the urine alkaline, and precipitates the 
earthy phosphates. The chief forms of phosphates that occur in 
urinary deposits are : — 

1, Calcinm phosphate, Ca3{P0^),; amorphous. 

3. Triple or ammonio-magnesium phosphate, MgNH^PO^ + 6H3O ; 

■iids and feathery stars (fig. 45), 
3, Crystalline phosphate of calcium, CaHPO^, in rosettes of prisms, 
Bphemlea, or in dumb-bells (6g. 46). 
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4. Magneeium phosphate, Mg3(P0^)g -l- 2HjO, occurs occasionally and 
ctyBtalliBeB in long plates. 

All these phosphates are dissolyed by acids, such as acetic acid, 
without effervescence. 

They do not dissolve on heating the urine ; in fact, the amount o[ 
precipitate may be increased by heating. 

A solution of ammonium carbonate (l-in-5) eats mt^neaiuna phos- 
phate away from the edges ; it has no effect on the triple phosphate. 
A phosphate of calcium (CaHPO^ -I- 2H2O) may occasionally be deposited 
in acid urine. Pus in urine is apt to be mistaken for phosphates, but 
can be distinguished by the microscope. 

Deposit of calcium carbonate, CaCO,, appeara but rarely as whitish 
balls or biscuit-shaped bodies. It is commoner in the urine of 
herbivora (see p. 194). It dissolves in acetic or hydrochloric acid 
with effervescence. 

The following ie a summary of the chemical sediments that may 



CHEMICAL SEDIMENTS IN URINE 



In Aom Ubine 

VrK ^cid. ^Whetstone, dumb- 
bell, or aheaf-like ^gregations of 
crystals deeply tinged by pigment 
(fig. 40). 

Vrates. — Generally amorphous. 
, The primary urate of sodium (fig. 41) 
and of anuuonium (fig. 42) may some- 
times occur in atar-Bhaped clusters of 
needles of Bpheroidal clumps with 
projecting spines. Tinged brick-red. 
Soluble on warming. 

Calcium Oxalate. — Ootahedra, 
Bo-oalled envelope crystals (fig. 43). 
Insoluble in acetic acid. 

Cysline. — Hexagonal plates (fig. 
44). Bare. 

Leucine and Tt/rosine. — Bare. 

Calcium Phosphate. 

CaHP04+ 21130.— Bare. 



In Alkaline Ubjne 

Phosphates. — Calcium phosphate, 
Ca3(PO,)j. Amorphous. 

Triple phosphate, 
MgNH^POj+eHgO. Coffin-lids or 
feathery stars (figs. 39 and 46). 

Calcium hydrogen phoHphat«, 
CaHPOf. Rosettes, sphemles, or 
dumb-belJs (fig 46). 

Magnesium phosphate, 
Mg,(P04)j+2HjO. Long plates. 

AH soluble in acetio acid with- 
out effervescence. 

Calcium CarbonaU, CaCO» — 
Biscuit-shaped crystals. Soluble in 
acetic acid with eServescenoe. 

Ammonium Urate. — "Horn- 
apple " spherules. 

Leucine and Tyrosine. — Very rars. 
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LESSON XII 
PATHOLOaiOAL URINE 

1. URINE A b pathologioal uiine containmg albumin. It gives the 
tuual protein tests. The following two are most frequently used in 
clinical work. 

If the uiine is cloudy, it should be filtered before appljring these tests. 

(a) Boil the top of a long column of urine in a test-tube. If the orine 
is acid, the albumin is coagulated. If the quantity of albumin is small, 
the cloudiness produced is readily seen, as the unboiled urine below it is 
clear. This is insoluble in a few drops of acetic acid, and so may be 
distinguished from phosphates. If the urine is alkaline, it shonld be 
first rendered acid with a little dilute acetic acid. 

(b) llelhr'n Nilric-Acul Te.sl.—Voui some of the urine gently 
on to the surface of some nitric acid ia a test-tube. A ring of white 



precipitate occurs at the junction of the two liqnids. This test is 
used for small quantities of albumin. 

2. ESTIMATION OF ALBUMIN BY ESBACH'S ALBUMINOMETEB. 
— Esbach's reagent foi precipitating the albumin is made by dissolving 
10 grammes of picric acid and 20 grammes of citric acid in 800 or 900 c.c. 
of boiling water, and then addmg sufficient water to make up to a litre 
(1000 c.c). 

Pour the urine into the tube up to the mark U ; then the reagent up to 
the mark R. Close the tube with a cork, and to ensure complete mixture 
tilt it to and fto a dozen times without shaking. Allow the corked tube 
to stand upright twenty-four hours ; then read oO on the scale the height 
of the precipitate. The figures indicate grammes of dried albumin in a 
litre of urine. The percentage is obtained hy dividing by 10. Thus, if 
the sediment stands at 3, the amount of albumin is 3 grammes per litre, 
or 0*3 gr. in 100 c.c. When the albumin is so abundant that the 
sediment is above 4, a more accurate result is obtained by first diluting 
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the mine with one or two volumes of water, and then multiplying the 
resulting figure by 2 or 3, as the case may be. If the amount of albumin 
is less than 0*05 per cent., it cannot be accurately estimated by this 
method. 

3. URINE B is diabetic urine. It has a high specific gravity. The 
presence of sugar is shown by the reduction (yellow precipitate of cuprotu 
oxide) that occurs on boiling with Fehling's solution. 

4. ESTIMATION OF GLUCOSE.— The following four methods are 
available for the quantitative determmation of glucose : (a) The polari- 
metric method (see Appendix) ; (b) the fermentation method ; (c) the 
gravimetric, and (d) volumetric methods by means of Fehling's or 
similar solutions. 

The fermentation method is less accurate than the other methods. 
It is carried oat in a fermentation saccharimeter, such as Einhorn's. This 
consists of a U-shaped tube, the longer limb of which is closed and 
carries an empirical graduation, indicating the percentage of glucose, 
corresponding to the amount of carbonic acid gas developed. Ten c.c. of 
the urine, mixed with some yeast, are taken and the apparatus is filled 
with this mixture, care being taken to remove all air-bubbles. After 
twenty-four hours' fermentation at room temperature, the percentage of 
glucose is read ofi. 

Instead of fresh yeast it is more convenient to employ the commercial 
preparation Zymin, a dry powder consisting of yeast which has been 
killed by acetone treatment and which retains the active enzyme 
(zymase). 

The gravimetric method is the most accurate of all, and of the 
many modifications of it the Eieldahl-Allihn method is now considered the 
best. In this the reduction of Fehling's solution, taken in excess, is 
carried out in an atmosphere of hydrogen (or coal gas), the precipitate 
of cuprous oxide is filtered through a Soxhlet's asbestos tube and finally 
reduced to metallic copper by heating the tube in a current of hydrogen. 
From the amount of copper found by weighing the tube before and after 
the experiment, the quantity of glucose is calculated by means of a table 
compiled for this purpose. 

Of the volumetric mft/toi/sthoseof Ling and Rendle and of Benedict 
are given in this place ; others will be foimd in lesson Xm. 

LUfG AND BENDLE'S VOLUMETRIC METHOD.— The sugar 
solution (diabetic urme) is allowed to run from a burette into a known 
volume of boiling Fehling's solution. The end pomt, i.e. the complete 
redaction of the cupric salt is recognised by means of a solution of ferrous 
thiocyanate. When a drop of this indicator is placed on a slab, and a 
drop of a solution containing a cupric salt brought in contact with it, 
oxidation of the ferioos salt occurs, with the immediate production of the 
well'known red colour of ferric thiocyanate. 
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PATHOLO(;lCAr. flllNH 2(Hl 

Preparation of the Indicator. — One gramme of ferrous ammonium 
anlchate and 1'5 grammes of ammonium thiocyanate axe dissolved in 
10 c.c. of water at a moderate temperature and immediately cooled ; 
2'6 c.c. of concentrated hydrochloric acid are then added. The solution 
so obtained has invariably a brownish-red colour, due to the presence of 
ferric salt, which latter must therefore be reduced. This is eSected by 
shaking with a small quantity of zinc dust. 

Preparation of Fehling's Solutioti. — Solution No. i,— 69'278 
grammes of crystallised copper sulphate are dissolved in water, and the 
solution made up to 1 litre. 

Solution No. J. — 346 grammes of crystallised potassiiun-sodium 
tartrate (Rochelle salt) are dissolved in hot water, mixed with 142 
grammes of caustic soda, also dissolved in water, and after cooling made 
np to 1 litre, 

Eqnal volomes of these two solutions are accurately measured ont and 
mixed in a dry flask before use. 10 c.c. of the mixed solntion are equi- 
valent to 0'05 gramme of glucose. 

Analysis. — Freshly mixed Fehling's solution (10 c.c.) is accurately 
measured into a 200-c.c. boiling flask, diluted with about an equal quan- 
tity of water, and raised to boiling point. The urine is diluted with 
water and placed in a burette ; the dilution should be adjusted so that 
20 to 80 c.c. of the diluted urine are required to reduce the 10 c.c. of 
Fehling's solution. In the first experiment the urine should be diluted 
with nine times its volume of water. This diluted urine is then 
run into the boiling liQuid in small amounts, commencing with 6 c.c. 
After each addition of sugar solution the mixture is boiled, the liquid 
being kept moving. About a dozen drops of the indicator are placed on a 
porcelain slab, and when it is judged that the precipitation of cuprous 
oxide is complete (that is, when the blue colour of the solution is dis- 
appearing), a drop of the liquid is withdrawn by a clean glass rod or by a 
capillary tube, and brought in contact with the middle of one of the 
drops of the indicator on the slab. The end point is reached when the 
mixture ceases to give a red colour with a drop of the indicator. It is 
essential to perform the titration as rapidly as possible, as an atmosphere 
of steam is then kept in the neck of the flask and the influence of 
atmospheric oxygen avoided. At the final point the liquid is boiled for 
about ten seconds. As in all volimietric methods the first titration may 
only give approximate results and a second will then be necessary to 
establish accurately the end point. Each titration should take from 
two to three minutes. 

Example. — Suppose that the urine has been diluted tenfold with 
water, and that 20 c.c. of the diluted urine are found necessary to reduce 
the 10 c.c. of Fehling's solution ; this will be equivalent to Z c.c. of the 
original urine, and that amount will therefore contain O'OS gramme of 
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giammes of sugar. 

Pavy's modification of Fehling's solution is sometimes used. Here 
ammonia holds the cuprous oxide in solution, so that no precipitate fomu 
fn boiling Pavy's solution with a reducing sugar. The reduction is 
complete when the blue colour disappears. 10 c.c. of Pavy's solution= 
1 c.c. of Fehling's solution =0 005 gramme of glucose. 

5. BENEDICT'S METHOD. - Benedict's reagent is an allcBline 
solution of copper sulphate containing potassium thiocyanate. This is 
kept boiling and the sugar solution is run into it from a burette until the 
bine colour disappears ; the thioc; anate forms a white precipitate wiOi 
the cuprous oxide formed, so that no red cuprous oxide obscures tJie blue 
tint. 

Preparation of the Solutiofi.— Sodium citrate, 200 grammes, 
sodium carbonate (crystalline), 200 grammes (or anhydrous sodium 
carbonate, 75 grammes), and potassium thiocyanate, 125 grammes, are 
dissolved in hot water ; this when cool is made up with distilled water to 
800 e.c. and Altered. 

18 grammes of pure copper sulphate are then dissolved in 100 c.c. of 
water, and poured slowly with constant stirring into the first solution. 
5 e.c. of a 5 per-cent. solution of potassium ferrocyanide are then added as 
an additional precaution to prevent any deposition of cuprous oxide; 
finally the total volume of the mixture is made up to 1000 c.c. with dis- 
tilled water. 25 c.c. of this solution are reduced by 0*05 gramme of 
glucose. 

Analysis.— Z or 4 grammes of anhydrous sodium carbonate 'are 
placed in a 4-oz. flask, then 25 c.c. of the above solution. This is kept 
boiling over a small flame, and the sugar solution run in from a burette 
until the last trace of blue colour disappears. The amount used for this 
purpose is then read oft. 

Calculation. — This may be illostrated by an example. If the augat 
solution had been diluted l-in-5 (that is, 10 c.c. with 40 c.c. of water), and 
the reading of the burette was 10 c.c, then 

10 C.C. of the diluted solution =^2 c.c. of the original solution. 
2 C.C. of the original solution contain 0'05 gramme of glucose. 

1 C.C. „ „ contains „ 

2 

and 100 c.c. „ ., contain °'~^— 

2 
=2'5 glucose per cent. 

Estimation of other Bedticing Sugars. — The same two methods 
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may be lued for the estimation of other reducing sugars ; the only 
difference Is in the final calculation : — 

10 c.c. of Fehling's solution =0'05 gramme of glucose 
(or 26 c.c. of Benedict's solution) =0'053 „ fructose. 

=0-0676 „ lactose. 
=0-074 „ maltose. 
Estimation of Sucrose. — Boil 40 c.c. of the sucrose solution with 
30 c.c. of half-normal hydrochloric acid for one minute. Cool, neutral- 
ise with 30 c.c. of half-normal sodium hydroxide, copl and make up the 
total volume to 100 c.c. The reducing sugars so formed are then esti- 
mated as before, and the results calculated from the fact that 10 c.c. of 
Fehling's solution (or 25 c,c. of Benedict's solution) =00475 sucrose. 

6. ACETO-ACETIC ACID AKD ACETONE are frequently found in 
diabetic urine and may be detected as follows :— 

(a) To 3 C.C. of the urme add a few drops of 10 per-cent. solution of 
ferric chloride as long as a precipitate (ferric phosphate) continues to be 
formed. Filter this off, and add to the filtrate a few more drops of the 
ferric chloride solution. A claret-like colour (which disappears on 
heatmg) is developed if aceto-acetic acid is present,^ 

(b) Acidulate the urine with sulphuric acid and shake up with ether ; 
the ether on standing floats on-the top ; it contains the aceto-acetic acid 
in solution. Pour it ofi into another test-tube and shake with ferric 
chloride solution. A red colour is produced if aceto-acetic acid is present. 

(c) Heat 250 c.c. of the urine with dilute acid or alkali ; the aceto- 
acetic acid is converted into acetone. Distil the mixture, and collect the 
first 20 CO. of the distillate, and examine this for acetone. 

(d) Acetone in the urine itself or in the distillate just obtamed may 
be detected by the following tests :— 

i. Legal's test. Add a dilute freshly prepared solution of sodium 
nitro-prusside and a little 20 per-cent. caustic potash. A red colour is 
produced. Acidify with strong acetic acid ; the colour disappears at once 
in the absence of acetone, but remains or is intensified mto a purple in its 
presence. This test is also given by aceto-acetic acid. 

ii. Lichen's iodoform test. Add a few c.c. of 20 per-cent. potash and 
then some iodine solution which contains also some potassium iodide. A 
whitish opalescence forms, and iodoform is detected by its characteristic 
odour. 

iii. The iodoform test may be modified as follows : Add an alcoholic 
eolation of iodine and a little strong ammonia ; iodoform and a black 
precipitate ofnitrogen iodide are formed; the latter gradually disappears, 

' Carbolic acid, salicylic acid, uad pheDacoturio aoid, all af wliicU may occur 
in ariufl after drag trflatmBDt, give a aimilar coloui' reaction in both fruBli and 
prcTiouslj boiled nrina ; whilst oceto-aceeic acid does not give the reaction if the 
urins has been previously boiled. 



ivGooJ 



212 



ESSENTIALS OP CHEMICAL PHYSIOLOGY 



leaving the iodofonn. (Tbis is Gunning's test bnd serves to distingtusb I 
acetone from alcohol, Lieben's test being given by both alcohol and | 
acetone.) 

iv. Acetone does not reduce Fehling's solution or ammoniacal silvw J 
solution as aldehyde does. 

7. URINE C is from a case of jaundice and contains bile. 

(a) Bile ptamenl may be detected by Qmelin's test (see p. 108), or 
by Hnppert's test (Cole's modification), which is performed as follows : 
Precipitate abont 30 c.c. of the urine with baryta mixture ; ^ heat and allow 
the precipitate to settle. The precipitate contains, among other things, a 
barium compound of bile pigment. Pour oft the supernatant fiuid, and 
then collect the precipitate on a filter. Scrape o£E the precipitate from the 
filter-paper and place it in a test-tube ; add a few c.c. of alcohol, S drops of 
strong sulphuric acid, and 2 drops of a 5 per-cent. solution of potassium 
chlorate ' and boU for a minute. Allow the precipitate of barium sulphate 
to settle, and the supernatant alcohol is seen to be coloured greenish-blue. 
On carefully adding fuming nitric acid after cooling, the solution becomes 
blue, violet, and red. 

(b) Bile salts may be detected by Hay's sulphur test (p. lOS). 
Pettenkofei's test may be performed in the following way : Warm a 
thin film of the urine and cane-sugar solution in a fiat porcelain dish ; 
then dip a glass rod in strong sulphuric add and draw it across the film ; 
its track is marked by a purplish line. 






1 of borium 



' Made bj raising une yoliirae iif barium nitn 
hydrate solution, both saturated in Ihe rold. 

' Obsrinayer'a reagaat (hydrochlorio acid containing 0'2 yer pent, of fenis \ 
uUorido, see under tests for indioan. Lesson SXV.) may 6b used instead ■ ~ 
potusium ohloittte solution. 
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^^B FBOTEIHS IN THE UKINE 

^^^^^ There is no protein matter in normal urine, and the moat common 
cause of the appearance of alhumin in the urine is dieease of the 
kidney (Bright's diseaBe). The best methods of testing for and esti- 
mating the albumin are given in the practical heading to this lesson. 
The term "albumin" is the one used by clinical observers. Properly 
speaking, it is a mixture of aenim albumin and serum globulin. 

A condition called " peptonuria," or peptone in the urine, is observed 
in certain pathological states, especially in diseases where there is a 
formation of pus, and particularly if the pus is decomposing owing to 
the action of a bacterial growth called staphylococcus; one of the 
products of disintegration of pus cells appears to be peptone; and this 
leaves the body by the urine. The term " peptone," however, is in 
the strict sense incorrect ; the protein present ia deutero-proteose. In 
certain diseases of bone, a proteose {Bence-Jones protein) may be 
found in the urine, which more nearly resembles hetero-proteose in 

^^_|ita characters. 

^^H SUaAB. IN THE UBIKE 

^^Bl Normal iirine contains no sugar, or so little that for clinical pur- 
' poses it may be considered absent. Tt occurs in the disease called 

diabetes mellitua, and can be artificially produced by the methods 

briefly referred to on p. 119. 

The methods usually adopted for detecting and estimating the 

sugar are given at the head of this lessot). The sugar present is ghicoae. 

Lactose may occur in the urine of nursing mothers. The blood of 

diabetic persons often contains ^-hydroxybutyriu acid : some of this 

passes into the urine, but in the body it is largely converted into aceto- 

acetic acid and acetone, in which form it is passed in the lunne 

(see p. 120), 

^-hydroiybutyric acid may be detected by fermenting the urine 

completely with yeast, and then examining it with the potarimeter ; 

the ^-hydroxy butyric acid is not affected by yeast, and ita presence is 

indicated by Ifcvo-rotation. 

Fehling's test is not abBolntely trustworthy. Often a normal urine will 
decolorise Fehling's solution, although seldom a red precipitate is formed. 
This ia due to excess of urates and creatinine. Another substance, called 
glycuronic aoid (CgHj^O,}, is also likely to be confused with sugar by Fehling's 
tost ; the cause of its appearance is Bomctinies the administration of drugs h 

£ camphor, etc.) ; but in rare cases it appearw independently of drug H 

t in normal urine. It ia frequently found in diabetic urine. This H 
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aoid is produced by the oxidation of gluoose, the Hj in the CH^OH group 
being replaced by O. 

Then, Uia, in the rare oondition called alcaptoauria, coofnsion may mmilarly 
arise. Alcapton is a, Bubstunce whi-ch originates from tyrosine by an imusoal 
form of metaboiiBni. It gives the urioe a brown tint, which darkens on 
exposure to the air. It is an aromatic substance, and the researches of Bau- 
mann and Wolkow have identified it with homogantisio acid [CjHj.(OHJ, 
OH,.COOH]. 

The "best confirmatory tests for sugar are the phenyl-hydraane test 
(see Lesson XITI.), and the firmentati'rm te-'t. 

BILE IN THE U&INE 
Thii^ occurs in jaundice, tbe conimoneet cause of which is obatruc- 
tion of the bile duct. The urine is dark brown, greeniah, or in extreme 
CEises almost black in colour. Excess of urobilin should not be mistAken 
for bile pigment. 

BLOOD AND BLOOD PIGMENT IN THE URINE 

When hainiorrhage occurs in any part of the urinary tract, blood 
appears in the urine. It is found in the acute stage of Bright's disease. 
If a large quantity is present, the urine is deep red. Microscopic 
exaniinatioD then reveals the presence of blood corpuscles, and on 
spectroscopic eiaraination the bands of ojsjhasinoglobin ai 

If only a small quantity of blood is present, the secretion — especiftllf 
if aoid — has a characteristic reddish-brown colour, which physician^ 
term "smoky." 

The blood pigment may, under certain conditions, appear 
the urine without the presence of any blood corpuscles at all. TluS ■ 
is produced by a disintegration of the corpuscles occurring in the 
circulation. The condition so produced is called hrevioglohinwrioy 
and it occurs in several pathological states, as, tor instance, in 1 
tropical disease known as " Black- water fever," The pigment ia in. 
the condition of methiumoglobin mixed with more or less osyhto 
globin, and the spectroscope ia the means used for identifying thee 
substances. 

PUS IN THE UBINE 

Pus occurs in the urine as the result of suppuration in any 
of the urinary tract. It forma a white sediment resembling that 
phosphates, and, indeed, is always mixed with phosphates. 
pua corpusolaa may be seen with the microscope; their nuolai 
rendered evident by treatment with 1 per-oent. acetic aoid, luid 
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pus corpuBoies are seen to reaemble white blood corpuBcleB, which, 
in fact, they are in origin. Some of the protein conetituente ofthe 
pua cells — and the same is true for blood— pass into solution, so that 
the urine pipetted off from the surface of the deposit gives the teats 
tor albuniin. On the addition of caustic potash to the deposit of pus 
celts a ropy gelatinous maas is obtained. This ia distinctive. Mucus 
treated in the same way is diasolved. 

AMINO-AOIDS IN URINE 
Normal urine contains traces of glycine. Leucine, tyrosine, and 
other amino-acids may be present after estensive disintegration of 
tissue protein, such as occurs in acute atrophy of the liver (p. 186). 
Cystine may occur as a rare anomaly of metaboliam. Associated with 
cystinuria one often finds diaminuria, that is, the passage of diamines 
into the urine; these are known as cadaverine and putreacine, and are 
the result of the removal of C0„ from the diamino-acids lysine and 
ornithine respectively (see p, IIG). Homogentisic acid, found in aleap. 
tonuria (see preceding page), ia another somewhat similar anomaly; it 
ariaaa from tyrosine. 

DETECTION OF SUBSTANCES OF PHTSIOLOOICAL IHFORTANCE 

Subsequent lessons may be very usefully employed by the class in testing 
for the various substances the [iropeities of which have been previously 
studied. If the substance is in solution, the following scheme will form a 
guide to the teats to he employed. If the substance under examination is 
solid, test its solubility in water ; if it is soluble, the same scheme can then 
be applied to the solution. If the subatance is insoluble in water, test ite 
Bolubiiity in alkaU and other reagents ; insuluhility in water will surest such 
subatances as uric acid. If the substance ia a mixture part of which is soluble 
in water, filter oS the solution and examine that ; then test the solubility in 
alkah, eto., of the residue. 

1.. Note reaction, colour, clearness or opalescence, taste, smell. Coloured 
liquids suggest blood, bile, urine, etc. Opalescent hquida suggest starch, 
glycogen, or certain proteins. 

2. Add iodine. A colour is produced : 

If blue : Starch. Confirm by oonvei-ting into a reducing sugar by saliva 
at 40' C, or by boiling with dilute sulphuric acid. 

If reddish-brown : OlyCOKen or dextrin, the distinctions between which 
are given on p. 30, 

3. Add copper sulphate and caustic potash. 

(a) Blue solution: boil; yellow or red precipitate. G-lnOOM, fraotose, 
maltose, lactose, and other reduoii^ sugars (for distinguishing teats see 
Lesson XllL). 
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(6) Blue solution : no reduction on boiling ; boil eome of the origintil 
solution with 25 per-oent. eulphurio Ebcid, and then boil with copper sa)ph»te 
and exeeaa of caustio potash ; abundant yellow or red precipitate : SaoroBO. 
Confinn hy HCI test (see p. 21). 

(c) Violet solution : FrotoilU (albumias. globulins, jnetaproteiiui). In 
presence of magnesiuiii sulphate the potash causes also a white preoipitate 
of magnesia. 

{d) Pink solution ; biuret reaction. Peptones of proteoses. In pTesenoe 
of ammonium sulphate very large excess of potash is necessary for this test. 
Only a trace of copper sulphate must be used. 

4. When proteins are present proceed as follows : Boil the original solu- 
tion (after adding a trace of 2 per-cent. aoetio acid). 

{a) Precipitate produced : Alh nminH or globnlllU. 

(&) No precipitate : Hetaproteina, proteoeea, or peptones. 

5. If albumin, oi globuhn, or both are present, saturate a fresh portion 
with magnesium sulphate or half saturate with ammonium sulphate ; filter ; 
the precipitate contains the globulin, the filtrate the albumin. 

6. If proteins are present, but albumin or globulin absent ; 

(a) Neutralisation causes a precipitate soluble in excess of weak acid or 
alkali. Acid or alkali isetaprotein, according as the leMtioa of the original 
liquid is acid or alkaUne respectively. If the original liquid is nentr^, meta- 
proteins must be absent. 

(b) Neutralisation produces no such precipitate : Proteose or peptone. 

7. If proteose, or peptone, or both are present, saturate a fresh portion 
with ammonium sulphate : 

(a) Precipitate : ProteoW. (6) No precipitate : Peptoue. 
If both are present, the precipitate contains the protease, and the filtrate 
the peptone. 

8. To a fresh portion add nitric acid (proteins having been proved to be 
present). 

(a) No precipitate, even though excess of sodium chloride be also added : 
Peptone. 

[b) No precipitate, until esoess of sodium chloride is added : Deotero* 
proteose. 

(e) Precipitate which disappears on heating and reappears on cooling : 
Proteoses. This is a distinctive test for proteoses, and is given by all of 
them. For one of them, however (deutero-protoose), excess of sodium chloride 
must be added also. 

(d) Precipitate Uttle altered hy heating : Albumin or glnh nlin , 

In all tour oases nitric acid plus heat eausea a yellow oolour, turned orange 
by ammonia (xantho-proteio reaction). 

9. Conflrmatery tests for proteins : — 
{a) Millon's test (see p. 41). 

(b) Adamkiewioz's reaction or, better, the modification of this test Intro* 
duced by^Rosenheim(8eep. 41). 
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Detection of substances of piivsiolooical importance 



(e) To teat for fibrinogen ; — 

i It coagulates by heat at 56° C. 

iL It is changed into fibrin by fibrin -ferment and calcium chloride. 

(d) To teat for easeinogeu ; — 
i It is not coagulated by beat. 

iL It is changed into casein by rennet and calcium chloride. 
ID. If blood is suspected : 

(a) Examine spectroBoopically, diluting if neceaaary. 
i. Oxyhsemoglobin shows two bands between D and E, 
ii. Add ammonium sulphide ; one band only appears. 
iiL Carbonic oxide ba^moglobin shows two bands also, but will not reduce 

with ammonium sulphide. 

iv. Methtemoglobin gives a typical hand in the red between C and D, 

T, H£BmatJn,etc.,sbowspecialapectra(aee Advanced Course, Lesson XX,), 

(6) Dry : boll with glacial a,cetio acid and a crystal of sodium chloride on 

a glass slide under a cover glass. When cold, hsmin crystals are seen. 

(e) Try guaiacum teat and Adler's test (p. 136). 

(d) If the blood is old and dry, and its htemoglobin converted into hffimatin : 
L Try hierain test. 

ii. Try guaiacum test and Adler's test. 

iii. DiBsolve it in potash ; add ammonium sulphide, apd examine for 
spectrum of ha^mochromogen. 

U. If bile is suspected : 

(a) Try Gmelin's test tor bile pigments (see p. 108) ; also Huppert's test 
(p. 212). 

(i) Try Pcttenkoter's and also Hay's tests for bile salts (see p. lOS). 

13, Miscellaneous substances. 

(q) Hncin. Precipitated by acetic acid or by alcohol. The precipitate 
is soluble in lime water. By collecting the precipitate and boiling it with 25 
per-cent. sulphuric acid, a reducing sugar-like HubBtance is obtained. Mucin 
pves the protein colour tests. 

(6) Nndeo-protein. Precipitated by acetic acid or by alcohol. The 
precipitate is often viscous. It is soluble in dilute alkalis such as 1 per-cent, 
■odium carbonate. This solution causes intravascular clotting. If the 
precipitate is collected and subjected to gastric digestion, an insoluble deposit 
of nuclein is left, which is rich in phosphorus. Nuoleo-protein gii'es the 
protein colour tests. 

(e) Gelatin. This also gives some of the protein colour tests, but not 
those of Millon or Adamkiewicz. It is not coagulated, but dissolved in hot 
water. The solution gelatinises when cold. 

(d) Urea. Very soluble in water. The solution effervesces when sodium 
hypohromite or fuming nitric acid is added. Concentrate a fresh portion, 
add nitric acid, and examine for crystals of urea nitrate. Solid urea heated 
in a dry test-tulje gives off ammonia, and the residue is called biuret, which 
gives a rose-red colour with copper sulphate and caustic potash. 

(e) Uric acid. Very insoluble in water ; soluble in potash, and precipi- 
tated from this solution in crystals by hydrochloric acid. Uric acid crystals 
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from human urine are deeply pigmented red. Try mnrezide, Folin's and 
SchiS's tests (see p. 196). 

(f) CholHterol. CharacteriBtio flat oiTBtalliiie plates. For various 
colour tests see pp. 108, 109. 

13. Urine. Normal oonstitvents. 

(a) Chlorides. Acidulate with nitrio acid ; add silver nitrate ; white 
precijMtate. 

(b) Sulphates. Acidulate with nitric or hydrochloric add ; add barium 
chloride ; white precdpitate 

(c) Phosphates. Acidulate with nitric acid ; add ammcnuum moljbdate ; 
boiJ ; and a yellow oryBtalline precipitate forms. To another pcrtion add 
ammonia ; earthy (i.e. caldum and magneraum) phoaphatoB are predpitated. 

(d) Urea (Bee above). 

(e) Uric add. To 100 c.c. of urine add 6 c.c. of hydrochloric add ; leave 
for twenty-four hours, and pigmented crystals of uric add are formed. For 
teats Bee above. 

(/) Hippuric add. Evaporate the mine with nitric add, and heat the 
residue in a dry test-tube. A smell of oil of bitter almonds is given ofi. 
{g) Creatinine. For colour tests see p. 181. 

14. Urine. Abnormal constituents. 

(a) Blood. 'Microscope (blood corpuscles). Spectroscope (for ozyhiemo- 
globin or methsemoglobin). Hcemin test, 

(6) Blood pigment may be present without blood corpuscles. Spectroscope. 

(c) Bile. Gmelin's, Huppert's, Hay's, and Pettenkofer's tests. 

(d) Put. White deposit. Microscope (pus cells). Add potash ; it 
becomes stringy. 

(e) Albumin, (i) Precipitated, if acid, by boiling ; precipitate insoluble 
in acetic acid, so distii^^uishing it from phosphates, (ii) Precipitated by 
nitric add in the cold, (iii) E'recipitated by picric acid. 

(/) Siigar. (J) Brown colour with potash and beat {Moore's test), (ii) 
Ferments with yeast, (iii) Reduces Pehling's solution, (iv) Urine has a 
high specific gravity, (v) Add picric add, potash, and boil ; the urine 
.becomes a dark opaque red ; the similar slight coloration in normal urine is 
due to creatinine. 

(g) Aceto-acetic acid avd acetone. For tests see p. 211, 

(A) Mucus. Flooculent cloud ; may be increased by acetic acid ; soluble 
in alkalis. A little mucus in urine is not abnonnaL 

(i) Deposits. 

i. Examine microscopically for blood corpuscles, pus cells, crystals, ete. 

ii. Phosphates. White deposit often mixed with mucus or pus. In- 
soluble on heating ; soluble in acetic acid. Urine generally alkaline. Examine 
microscopically for coffin-lids of triple phosphate and star-like dusters of 
stellar (calcium) phosphate. 

iii. Urates. Pink deposit, usually amorphous ; may be mixed with 
envelope crystals of calcium oxalate. Deposit soluble on heating urine. 
Murexide test, 

iv. Uric add. Deposit like cayenne pepper. Microscope. Tests as above. 
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ADVANCED COURSE 



INTRODUCTION 

It will be presupposed that stodents who take the foUowiag lessona have 
already been through the elementary course. The order in which the aubjects 
are treated is the same as that already adopted. The instructions given will 
be mainly practical ; theoretical matter on which they depend, or to which 
they lead, is, as a rule, too lengthy to be discussed in a short manutJ like the 
present volume. The Appendix contains a description of vwious instruments 
which are not generally contained in sufficient numbers in a physiological 
laboratory to admit of each student being able to use them in a class. It also 
contains a description of oertain methods of research which should always be 
shown in demonstrations, though there may be practical difficulties in allowing 
each member of the class to perform the experiment. The few experiments 
in which living animals are employed will also necessarily be of the nature of 
demonstrations. 
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LESSON XIII 

CARBOHYDRATES 

— A rabbit which has been fed five or six hours previonely 
on oarrote is killed by bleeding. The chest and abdomen are opened quickly 
and a caiutula inserted into the portal vein, and imother into the vena cava 
inferior. A stream of salt solution is then allowed to pass through the liver 
imtil it is uniformly pale. The washings are collected in three beakers 
labelled a, b, and c 

The Uver is cut out quickly, chopped into small pieces, and thrown into 
boiling water acidulated with acetic acid. The acidolated wat«r extracts a 
small quantity of glycogen. The pieces of scalded liver are then ground up in 
a mortar with hot wat«r, and thoroughly extracted with boiling water. !Filter. 
A strong solution of glycogen is thus obtuned ; but hot water will not extract 
glycogen thoroughly. 

Teat the solution when cold with iodine. 

To separate the glyc<^n evaporate the solution to a small bulk on the 
water-bath and then add escess of alcohol ; the glycogen is precipitated as a 
floccnlent powder, which is collected on a filter and dried in an oven at the 
temperature of 100°. 

2. Examine the washings of the liver in the beakers a, b, and c, for sugar. 
This may be done in a rough quantitative manner as follows : — Take equal 
quantities of a, b, and c in three t«st-tubes ; to each add an equal amount of 
Fehling's solution, and boil : a will give a heavy precipitate of cuprous oxide, 
b one not bo heavy, and c least of all, or none at all. 

3. Pflilger*B Hettaod of estimating Olycogen.— 20 te 100 grammes 
of the finely chopped liver ore boiled for two to three hours with 
100 o.c. of 60_per-cent potash. After cooling wash the contents of the flask 
into a beaker, and add 200 c.c. of water, and then 400 c,c, of 04 per-oent. 
alcohol, and the mixture is allowed to stand overnight. The glycogen is thus 
precipitated free from protein. Collect the precipitate on a filter, and wa^ 
once with I vol. 15 per-cent. potash and 2 vols, of alcohol ; then wash with 
66 per-oent. alcohol. After this transfer the precipitate and filter-paper to a 
large beaker and boil thoroughly with water. Neutralise the solution and 
filter. Dilute the filtrate to 500 c.c. and add 2S c.c. of hydrochloric acid of 
epeoific gravity 1-19. Heat for three hours on the boiling water-bath ; this 
converts the glycogen into glucose. After cooling, neutralise with 20 pel-cent. 
potaeb and filter ; the filtrate is brought up to 250 c.c. ; estimate the glucose 
in this eithra' polarimetrically or by a good volumetric method. The percentage 
of glucose multiplied by 0-927 gives the amount of glycogen. 

221 
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4. Hiorocheimcal Detection of GlTOC«eii,^A thin piece of the liver is 
hardened in 90 per-cent. alcohol. Sections are cut hj the free hand, or after 
embedding in paraffin. If paraffin is used, this ie got rid of by msEms of 
turpentine ; and the sections prepuvd. hy either method are treat«d with 
chloroform in which iodine is dissolved, and mounted in chloroform balsam 
containing gome iodine. The glycogen is atadned brown, and is moat abundant 
in the cells around the radicals of the hepatic vein. 

6. Phenyl-Hydrazine Test for Sngan.— ^To 6 c.o. of the suspected fluid 
(e.g. diabetic urine) add 1 decigramme of phenyl-hydrazioe hydrochloride, 
2 decigrammes of sodium acetate, and heat on the water-bath at 100° C. for 
thirty to sisty minutes. On cooling, if not before, a crystalline or amorphous 
precipitate separat«a out. If amorphona, dissolve it in hot alcohol ; dilute 
the solution with water, and boil to expel the alcohol, whereupon the osazone 
separates out in yellow crystals. Examine the crystals with the microscope 
(see accompanying plate). 

Qlvcose gives a precipitate of phenyl. glucosazone C,HjgO,(N2H.C,Hg)2, 
which crystallises in yellow needles (melting point 206° C). 

Fructose yields an osazone identical with this. 

Oalaeioge yields a very similar osaione (phenyl-galactosazone). It differs 
from phenyl-glucosazone by melting at 190-193°, and in being optically 
inactive when dissolved in glacial acetic acid. 

Sucrose does not form a compound with phenyl-hydrazine. 

Lactose yields phenyl .lactoBazone C,2:^gOe(N2H.CgHg)2. It crjrstolliseii 
in needles, usually in clusters (melting point 200° C). It is soluble ia 80-90 
parts of boiling water. Lactose in urine does not give this test readily. 

Malioae yields phenyl -maltosazone (C^iH^jN^O^). It crystallises in yellow 
needles much wider than those yielded by glucose or lactose (melting point 
206° C). Unhke phenyl-glucosazone, it dissolves in 75 parts of boiling water, 
and is still more soluble in hot aicohoL 

The chemistry of the phenyl-hydradne reaction is represented in the 
following equations, glucose being taken as an example of the sugar used ; — 



CHijOH[CH(OH)]sCH{OH)CH 



N-NH{C9Hs) 


+ H,0 

[water] 


IL CHjOH[CH(OH)]3CH(OH)CH 

N-NH(C,H6) 


+CgHj.NH-NHi 


CH20H[CH(0H)]jC- CH 


+ H, + H.0 

[lijdrog«D] [wilts] 



6. To determine the melting point of the osazonea (or other organic sub- 
stances) place a smaU quantity of the powder in a capillary tbin-walled tube. 
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strapped on to a thermometer by an indiarubber band. Place this in a 
sulphuric acid bath vbioh is gradually heated, and note the temperature at 
which the powder melts. 

7- The Folarimeter. — Estimate the strength of a solution of glncose by 
means of the poiarinieter (see Appendix), The polarimetric method is a 
rapid one. When used for the estimation of glucose in urine, 50 c.c. of the 
urine are mixed with 5 c.c. of a 10 per-cent. solution of lead acetate in order 
to precipitate pigments, etc. Filter through a diy filter, and fill the tube of 
the polarimeter with the clear filtrate. The dilution due to the lead acetate 
solution must be taken into accoimt when calculating the percentage of 
glucose from the rotation observed. 

S. Foimatioil of Uacic Acid, — Take 1 gramme of lact-oae and heat 
it in a porcelain capsule with 12 c.c. of nitric acid on a water-bath until the 
Enid is reduced to one-third of its original volume. Cool overnight, and 
a crystalline precipitate of mncio acid separates out. Cane sugar, maltose, 
dextrose, dextrin, and starch, treated in the same way, yield an isomeric aoid 
called saccharic acid, which, being soluble, does not separate out. Lactose 
yields both acids ; galactose, mudc aoid only. 

9. Pentoses give the ordinary reduction tests for sugar and yield osazones, 
but do not ferment with yeast. They give the two following characteristic 
teats ; they may be performed with gum arable (which contains arabinose) 
or pine-wood shavings (which contain xylose). 

(a) Fhlorogluoin reaction. Warm some distilled water with an equal 
volume of concentrated hydrochloric add in a test-tube and add phloroglucin 
until a little remains undissolved. Add a small quantity of gum arable, and 
keep the mixture warm in the water-bath at 100° C. The Bolution becomes 
oherry-red, and a precipitate settles out, which is soluble in amyl alcohol. 
This solution gives an absorption band between the D and E lines. 

(b) Orcin reactioiL Substitute orcin Cur phloroglucin in the foregoing 
experiment. The solution becomes violet on warming, then blue, red, and 
finally green. A bluish-green precipitate settles out, soluble in amy! alcohol. 
This solution gives an absorption band between C and D. 

10. GlyenlOIliC acid (see p. 213) gives all the above reactions ; it may be 
distingnisbed aa follows : — 

(a) Take 50 c.c. of glycuronio aoid solution in a capsule ; add 1 gramme of 
p-bromphenyl-bydrazine and rather more than the same amount of sodium 
acetate. Keep the mixture in the water-bath at 100° C. for a quarter of an 
hour, when yellow crystals of p-bromphenyl-hydraKone of glycuronic acid 
separate out. After cooUng filter off the crystals and wash them with 
absolute alcohol, in which they are insoluble. Under the same conditions 
carbohydrates yield p-bromphonyl-osazones, but these are soluble in absolute 
olcohoL The j>-bromphenyl - hydrasEone is soluble in absolute alcohol to 
which pyridine has been added ; the rotatory power of this solution ia greater 
than that of any of the osazones. 

(6) Tolkns' Tesl.~-To 5 c.c. of uiine add 0'5 c.c. of a 1 per-cent. naphtho- 
rcBorcin solution in alcohol, and 5 c.c. of hydrochloric acid (sp. gr. 1-19}. 
Raise the mixture to boiling point and boil for one minute over a small flame. 
Let it stand for four minutes, and then cool under the tap. Shake it with an 
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equal volume of ether. If glyciironio acid is present, the ether beoomee bine 
or violet, and ahows an absoq}tion band near the D line. From 60 aormal 
urines, 40 gave the reaction ; it is espe<aally strong ^ter the adiuiniBtration of 
camphor, chloral, salicylic acid, creosote, etc. The reaction is not absolutely 
distinotive for gljouronic acid, since it is also given by glyoxylio acid and by 
all acids which contain both a carbonyl and a ouboxyl group ; but none of 
these subetanc«e are likely to occur in urine. 

Bang's Vdametiio Bletbod for the Estimation of Qlacose 

Prin/iiple of the Method. — A copper solution, containing carbonates and 
Bulphocysjiide of potassium, is boiled with a quantity of the sugar solution 
which is not sufficient to reduce all the cupric salts. Under these ciroum- 
stances the cupro-thiocyanate, formed by the reduction, is kept in solution. 
The excess of the cupric salt is then titrated back in the cold by means of a 
standard hydroxylamine solution, the end point being a ohai^ from a blue to 
a colourless solution. 
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Glucose in 


Hydtoiyl- 


Glucose in 


Hydroljl- 


Glucose in 
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6 


4S 


1-7 
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16-6 
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Pre'paration of tfte Copper Solution. — 500 grammes of potassium oaibonate, 
100 giammes of potassium bicarbonate, and 400 grammes of potaasium thio- 
oyanate are dissolved in a 2-litre measuring flask in about 1600 o.o. distilled 
water at 60° C, and afterwards cooled to about 30° C. A oold solution of 25 
grammes of crystallised copper sulphate in about 150 c,o. distilled water is then 
poured slowly into the carbonate solution, taking care that no development 
of carbonic acid takes place. The solution is made up to 2 Utrea and filtered 
after twenty-four hours. The solution keeps indefinitely. 

Preparatidn. of the Hydroxylamine. Solution. — 200 grammes of potaadum 
tbiocyanate are dissolved in a 2-litre measuring flask in about 1600 o.o. of 
distilled water. 6-55 grammes of hydroxylamine sidphate are dioaolTed in 
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distilled watoT and added tu the other aoliitioii, which ia then made up nitb 
distilled water to the mark. This solution ulfio keeps well in a dark battle. 

j4TOi?y«'s.— Measure 50 c,o, of the copper solution into a 200-c.o. flask and 
add 10 CO. of the sugar solution. If this contains more than 0'(S per uent. 
sugar, only 5 c.c. (or less) and 5 c.c. of water ought to bo taken. Heat the 
luisture to boihng on a wire gauze and boil exactly for three minutes. Cool 
rapidly to room t«m[)erature and titrate with the hydroxylamiiie solution until 
colourless. From the number of c.o. of the hydroxylaraine solution used the 
quantity of sugar is calculated hy meana of the table on the preceding page : — 

Beitrand's Volametric Method for the Estimation of Glucose 

This method ha-s recently come into vugue for the estimation of glii<:o»e 
iu blood etc. It is not ho suitable for urine as Bang's method, owing to the 
fact that in many urines cuprous oxide does not easily settle, but remains 
partially in colloidal suspension. 

Principle ofltie Method. — The precipitate of cuprous ojdde fonaed on boiling 
an excess of Fehling's solution with a gliicose solution is Altered off, washed 
and dissolved in a solution of ferric sulphate in sulphuric acid. The ferrous 
salt farmed is titrated with a standard permanganate solution. 

SobdioiM required. — (I) A solution which contains 40 grammes of pure 
copper sulphate in one litre. (2) A solution which contains 200 grammes of 
Roohelle salt and 150 grammes sodium hydroxide in one litre. (3) A solution 
which contains 50 grammes ferric sulphate (free from ferrous sulphate), and 
300 c.c. concentrated sulphuric acid in one litre. (4) A solution which contains 
5 grammes potassium permanganate in one litre. This solution is standardised 
in the following way :— Weigh out 250 milligrammes ammonium oxalate, dis- 
solve it in 50 c.c. water, add 2 c.c. concentrated sulphuric acid, warm to 60- 
SO^ C., and titrate with the permanganate solution, until a pink cobur persists. 
Analysis. — -Measure 20 c.c. of the sugar solution ' into a flask of 150 c.c, 
capacity, and add 20 c.c. each of the copper sulphate and Rachelle salt solu- 
tions. Heat to boiling and keep on the boil for three minutes. Filter through 
an asbestos filter, leaving most of the precipitate in the flask. Wash the 
precipitate in the flask with a little distilled water and decant through the 
same filter. Bissolve the precipitate in the flask in about 20 c.o. of the ferric 
sulphate solution and pour the solution through the filter. A green solution 
results which is titrated at once with permanganate until the green colour 
changes sharply into pink. 

Calculation. — The amount of copper, precipitated as cuprous oxide, is 

calculated first from the following equations taking place during the reaction : — 

CaiO+Fea(SO^)3+ILjSO,=2CuSO,+ 2Fee0^4-HiO 

I0FeSO4+2KMnO4+8E^SO4=5Fej(SO4)B+KBSO4+2MhSO,-t-8Il(O 

5GjHj(Oj+2KMnO4+3HiiSOi=10COij-!-2Mn8O4+K,S0,f8H2O. 

One molecule of ammonium oialat* corresponds to 2Fe and therefore 

to 2Cu. The amount of ammonium oxalate taken multiplied with 0-8951 

I gives therefore the amount of copper corresponding to the 
' The Bolution must not contain mora than 100 milligraaimea of glucose. 
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number of c.c. of permongajiHte uised. From the amount of copper found the 
quantity of sugar is calculated by means of the following table -, — 
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LESSON XIV 

CARBOHV'DRATES ; ACTION OF DIASTASE UPON STARCH 

1. Prepare a 0-5 per-eent. aolutioil of ataroh. 

2. Prepare some malt extract by digeating 10 grammes of powdei«d malt' 
with 50 c.c. of water at 50° C. for three hours, and subsequently straJningi.. 
This extract contains the diastatio oi malting enzyme. 

Solutions I and 2 may be conveniently prepared betoreband by tlw 
demonstratov. 

3. To the starch solution add one-tenth of its volume of malt extract, and 
place the mixture in a water-bath at 40° C, From time to time teat portions 
of the liquid by mixing a diop with a drop of ioiiine solution on a testing slab. 
The blue colour at first seen is soon replaced by violet (mixture of blue and 
red), and then by a. red reaction (due to eri/thro-dexlrin), which graduatlf 
vanishes (urfj-omic point). Alcohol added to the liquid when all starch ai^ 
erythro- dextrin have gone still causes a precipitate of a dextrin, which, as it 
gives no colour with iodine, is called aehrod-dextrin. The liquid also oontaiiu 
a reducing sugar, maltose. 

. Take 50 c.c. o£ a solution ot maltose and determine how much of 
necessary to reduce 10 c.c. of Pehllng's solution. 
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5. Take another 60 c.o. and boil it with 1 o.c. of Htroog saiphuric ai^id fur 
half an hour in a flask. Thin converts it into glucose. After tooling bring 
the liquid to it« original volume (50 c.a) by adding water, and again determine 
its mcreased reducing power with Fehliiig'a solution. If t=c.c. of maltose 

solution are necessary to reduce 10 c.o. of Fehling's solution, then — =c.c. 

of glucose solution are approximately necessary for the same pur|.>ose. Thd 
strejigth of the maltose solution can be culculated from the fact that 10 c.c. 
of Fehling's solution correspond to O'OS gramme of dextrose. 

6. WoUgemiUlia method for the quantitative determination of diastatic 
enzymes. A aeriea of teat-tubes of equal sire, each containing 5 c.c. of a 
1 per-cent. starch solution, are kept in a vessel filled with iue water, and 
decreasing quantities of the enzyme solution to be examined are added. By 
the use of ice water the action of the enzyme is prevented until all the tubes 
are prepared. They are now transferred into a waler-bath kept at 40°, by 
which means the action of the enzyme begins in all the tubes simultaneously. 
They are kept at thie temperature for thirty to sixty minutes and then again 
transferred into ice water, in order to stop the action. 

AH the tubes are then tilled with diatilled water and <iiie drop of decinormal 
iodine solution is added to each. After shaking one observes varinuH colours, 
such as dark bliae, bine violet, reddish brown and yellow, aecording to the 
quantity and activity of the enzyme. Those tubes which show a yellow to 
a reddish colour contain achroo-dextrin or erythro- dextrin, those with a blue 
violet a mixture of erythro- dextrin and starch. The last tube, in which a violet 
colour is produced, is taken aa the limit of activity. In the one immediately 
preceding this, aU the starch has been converted into dextrin and from it 
the strength of the enzyme solution is calaulated l>y estimating the number 
of c.o. of a I per-cent. starch solution, which has been converted into dextrin 
by I c.c. of the enzyme solution during the time of the experiment. An 
example will make this clear. The tube immediatuly preaediog the one which 
shows a violet colour contoined 0-02 o.c. of saliva. The time of experiment was 
thirty minutes. Therefore, 0-02 c.c. aaliva was able to convert 5 c.c. of a 1 per- 
cent, starch solution into dextrin within thirty minutes and therefore 1 c.o. 

of saliva would have produced the same change in ■ jr.= 250 c.c. of the starch 
solution. If Ll designates the diastatic strength, we obtain therefore 
" Tjy=250. In another set of experiments with a different enzyme, the 
index tube contained 0-0125 c.c. saliva. We find, therefore, that 



Therefore, D —,=400. The diastatlo power of this saliva was therefore 

nearly twice that of the former. The same method and mode of notation 
may be used for any diastatic enzyme. 
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CRYSTALLISATION OF PROTEINS 
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L Egg-albumin. — Freah egg-white ia mixed with an equal bulk of fully 
BBtumted, tillered, neutral amiQoniuin sulphate solution. 100 c.c. of tho 
former lire meoHured into a porcelain basin or strong beaker, and 100 c.a. of 
ammonium sulphate solution are added io sueeeseive quantities of 10 or 
15 c.i!., the mixture being thoroughly churned with an egg whisk after each 
addition. The whole should be finally so thoroughiy beaten up as to form a 
large proportion of light troth. After the greater part of the froth has broken 
down, the mixture ia thrown on a folded filter-paper, moderately rapid filtra- 
tion being obtained without the use of a fi]1«r-pump. The hltrate is strongly 
alkaline to litmus, and smells of ammonia. To the filtrate in a flask, or to as 
I much of it as can be obtained in a convenient time of filtration, further ammo- 

I nium sulphate solution is very cautiously added (beat, drop by drop from a 

burette) until a shght permanent precipitate remains, and this precipitate ia 
afterwards just redissolved by the equally cautious addition of water. Dilute 
acetic'aoid (10 per cent.) from a burette is now added drop by drop until such 
a atage of reaction is reached that a precipitate forms and only just redis- 
I solves. Finally one or two drops (not more) of aoid are added in excess of 

I this, whereupon a bulky white precipitate falls. The flask is now corked and 

I allowed to stand. In twenty-four hours or less the precipitate, which will have 

I increased in quantity, will be found to consist entirely of ocicolar crystals. 

I Small portions should be examined under a Jth objective, avoiding preasuio 

on the cover sLp. (F. G. Hopkins.) 

3. Serum Albumin. — Crystals of this protein may be obtained fay the 
same method. Horse's serum ia the beat to uae. 
I 3. Edestin. — This may be taken as a type of the oryBtallisable vegetabb 

i globuhns. One kilogramme of hemp seed ia ground, or pressed in an oil presa. 

I The remainder of the fat ia then removed by extracting with light petroleum. 

I When free from this solvent, the seeds are digested at 60° with 1 litre of 5 per- 

cent, solution of sodium chloride. The Uquid is then filtered off from the 
residue through caUoo and allowed to cool. A precipitate forms and settles 
, at the bottom of the vessel. The aupernatant liquid b then decanted ofi 

and the precipitate waahed by deoantation with distilled water. It is then 
redissolved in 600 c.o, of 6 per-oent. salt solution, and the solution filtered 
through a warm filter. On cooling, beautiful crystals of the regular system 
separate. These are washed with cold 5 i>er-cent. salt solution, distilled 
water, alcohol, and ether. The yield ia about 100 grammes from a kUogranune 
of ground hemp seed. 

^^^^m ^^^^^^^^^^^^^^^^ Diarized tiv<^l^^^^H 




LESSON XVI 

MILK 

' 1. CsiBeiiiagen in milk exii^ta in the form of a, salt (oalciiim caseinogenate). 
Add acetic acid to milk, and this salt is deoompoaod, and fi'ee caseinogen 
(with entangled fat) h precipitated. Collect the precipitate so produced fron> 
about 500 c.c. of milk on a Alter, and wash thoroughly with distilled wat«r : 
grind it up with calcium carbonate in a mortar, and add about 500 c.c. 
of diatiUed water ; allow the mixture to atamd for about an hour. The fat 
risea to tne top : the excess of calcium carbonate falls to the bottom. The 
intermediate fluid contains the coseinogen in solution ; it is usually very opal- 
escent. Take some of this Holution and divide it into three parts. A, B, and C. 

To A add rennet. 

To B add a few drops of 2 per-cent. solution of calcium chloride. 

To C add both rennet and calcium chloride. 

Put all three in the water-bath at 40° C. A clot of oasein forms in C, but 
not in A if all calcium salts have been suocessfiilly washed away, nor in B. 

2. The formation of cB«ein from caaeinogen is a double process ; the first 
action is that of the enzyme, which converts the caseinogen into what may 
be called soluble casein ; the Hecond action is that of the calcium salt, which 
precipitates the casein in an insoluble form, or curd. This may be shown by 
taking some of the caseimjgen solution and adding rennet. Warm to 40° C. ; 
no visible change occurs, but nevertheless soluble casein and not easeinogen 
is now present. Then boil this niisture to destroy the enzyme, cool, and add 
calcium chloride. A formation of insoluble curd now occurs. 

3. Coseinogen may be precipitated as a salt from milk by the addition of 
alcohol. This reagent also precipitates the other milk proteins. 

4. The method of salting out described in Lesson VI., Exercise 10 (p. 69), 
may also be used. Add to some milk an equal volume of saturated solution 
of ammonium sulphate. Caseinogen aa a salt is thus precipitated, and en- 
tangles the fat with it. Filter oS the precipitate and examine the filtrate 
aa toUowB : — Saturate it with sodium chloride ; a small amount of precipitate 
comes down. This is the so-called lacto-globulin. This contains only a 
trace of true globulin ; it is mostly caseinogen previously left in solution 
together with calcium sulphate. Filter it off ; acidify the filtrate with a few 
drops of 2 per-cent. acetic acid and beat it in a water-bath gradually. About 
77° C. the remaining protein (lactalbumin) is coagulated. 

6. Fat Estimation in Milk {Oerier'a Acido-bntyromitric Method). 

Principle of the Mflliod.—The proteins of milk and the other aohds not 
fat are dissolved in concentrated sulphuric acid, and the fat is subsequently 
separated by centrifugal force. The separation is helped by the addition of 
amylic alcohol. The whole process is carried out in a special simple centri- 
fuge, holding two or more aeido-butyrometer tubes, which allow the direct 
reading of! of the fat percentage on the graduated narrow stem of the tube. 

AfmtyBis. — By means of the special pipettes supplie<i with the apparatus 
s into the tubes 10 c.c. of concentrated sulphuric acid, then II c.o. 
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I 

^^^H of the sample of milk, and finally 1 c.n. of aiuylic alcohol. Insert the rubber 

^^^1 Cork and shake the tube with an up-and-down motion until the curd la din- 

^^^^ solved. Push up the cork, if neccmary, so Chat the graduated neok is fall, 

^^^V and place the tubes into the cups of the centrifuge, screw on the cover, and 

^^^H spin the centrifuge for two or three luinutcs. If the fat is not in a clear limpid 

^^^H layer in the neck, or if the upper portion is frothy, the rotation has not been 

^^^H Bufiioient and must be repeated. Read ofF the percentage of fat by adjusting, 

^^^H by slight pressure on the cork, the bottom layer to one of the larger lines on 

^^^^■^ the scale and count up the number of divisions between this and the lowest 

^^^B oorved line at the top. Each of the larger divisions is equal to 1 |ier cent, of 

^^^H bi, and the smaller 0-1 per cent, of fat. 

I o 



LESSON XVII 

THE PROTEOSES 



. Witte'a i>epton 
of proteoses, which ai 
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contains very little true peptone, but consiats chiefly 
soluble, like peptone, in neutral saline solutions. 
Make a solution of this substanae in 10 per -cent, sodium chloride solu- 
tion, and filter. Very little residue is left on the filter. This consists of 
dysalbiiraoHe, on insoluble form of hetero-albumose, formed during the pro- 
oesB of preparing the substance. If hot saline solution is used inst«ad of cold 
as a solvent, this amount of insoluble residue is increased, hetero-albumose 
being to a slight extent precipitated by heat. 

3. The solution gives the following testi : — 
(a) It does not coagulate on heating. 

{b) Biuret reaction (due both to peptone and proteoses). 

(c) A drop of nitric acid, best added by a glass rod, gives a precipitate which 
dissolves upon heating and reappeare on cooling. (This is due to the pro- 
teoses present.) 

(rf) The precipitate produced by the addition of acetic acid and a drop of 
potassium ferrooyanide is also soluble on heating, and reappears on cooling. 

4. For the separation of the proteoses and peptone proceed as follows : — 

(a) Saturate the solution with ammonium sulphate, and filter. The 
filtrate contains the [leptone, and the precipitate the proteoses. The peptone 
is not precipitated by nitric acid, nor by many of the reagents that precipitate 
other proteins. It is precipitated completely by alcohol, tannin, and potaasio- 
mercuric iodide ; imperfectly by phosphotungstio and phoaphomolybdio acid. 

It gives the biuret reaction, but in the presence of ammotiium sulphate a 
large excess ofcavMic potash ia necessary. 

(b) Dialyse another portion of the solution ; betero-proteose is precipitated. 

(c) Saturate another portion of the solution with sodium chloride (or balf 
saturate with ammonium sulphate) after faintly acidulating with acetic acid. 
Proto-jiroteose and hetero-proteose ore precipitated. Filter. The filtrate 
contains the deutero -proteose and peptone. 
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The proto- and hetero-proteose may be redissolved by adding diatiUed 
water, and may be separated from each other by dialyaiB (pee 6). 

Deutero-proteoae may be separated from the peptone by saturation with 
ammonium suiphate, or by tlie addition o[ a crystal of phospboric acid. These 
reagents precipitate the deutero-proteose, but not the peptone. 

Deutero- proteose gives the nitria aoid reaction (see 3, c) characteriatio of 
the proteoaea only in the presence of excess of salt. If the salt is removed 
by dialysis, nitric acid then causes no precipitate. 

6. Another deUcate teat introduced by McWilliam may here be mentioned. 
Salicyl-sulphonic acid precipitates albumins and globulins ; on heating, the 
precipitate is coagulated. The same reagent precipitates proteoses. On 
beating, the precipitate dissolves and reappears on cooling. It docs not 
precipitate peptones. 

6. The use of trichloracetic acid for the separation of various proteins 
may be illustrated by the following experiment : — Take some blood and add 
to it some solution of Witte's peptone [i.e. proteoses and peptone). Add- to 
this mixture bji equal volume of a 10 per-cent. solution of trichloracetic acid. 
There is an abundant precipitate. Boil rapidly and filter hot. The filtrate 
contains the proteoses and peptone, all the other proteins being contained in 
the precipitate. On cooling, the filtrate deposits some of the proteose. The 
proteose and peptone in the filtrate may be detected in the usual way. 
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Numerous methods have been devised for the purpose of comparing the 
proteoolastio activity of digestive enzymes, and for determining their rate of 
action. These methods may be conveniently grouped into two classes: — 

{a) Methods in which the rate of solution of a solid protein is used as the 
index of the action of the enzyme (GriitKner's, Roaf's, and Mott's methods). 

(6) Methods in which the rat« of formation of the products (amino-acids) 
serves as the index (Sorensen's and Van Slyke's methods). 

1. RoaTS Method. — This is a modification of GrQtzner's method. GrUtzner 
nsed fibrin stained with carmine, ajid when the fibrin is dissolved the carmine 
is set free, and from the depth of colour the amount of fibrin digeijted can be 
estimated. The disadvantage of the method is that it can only be used for 
gBBtricjuice, for when alkali is present, as in pancreatic fluid, the carmine is dis- 
solved out by the alkali before digestion aeta in. Thiawaaovercomeby Roaf by 
using oongo-red instead of carmine. 

Preparalion of the Stained Fibrin. — Clean fibrin is minced, and pliioed in a 
0-S per-cent. solution of congo-red solution for twenty-four hours (5U grammes 
of moist fibrin per 100c, c. of ataining solution). This is then poured into exoeas 
of water and heated to 80" C. for five minutes. The fibrin is then collected on a 
cloth and washed under the tap. It is squeezed as dry as possible and kept in 
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equal porta of gJyceim and water, a little toluol being added to prevent thS 
growth of moulds. As instances of the way in which experimentB may be' 
performed, the following may be taken : — 

{a) Put an equal weighed quantity of the stained fibrin into two teat-- 
tubes ; add to each an equal Volume of two artificial pancreatic fluids, 
the end of a given time (say flfteen minutes) remove the tubes, aod filter ; thtt 
fluid will be more deeply coloured, which contained the more active enzyme; 
dilute this until it has the same tint as the lighter Suid, and the amount 
dilution necessary will measure the relative efficiency of the two preparations. . 

(h] Repeat the experiment, using two apeoimetia of artificial gastric juioeiJ 
Their relative efficiency is determined in the same way, eToept that 
acid of the juice has turned the red into a bluish colour, the rea*!tion ahoiiU' 
be rendered just alkaline by the addition of a few crystals of sodium carbonate. 
It is easier to determine the relative depth of tint in red than in blue fluids. 
When comparing the depth of colour of an acid digest with that resulting from 
digestion in an alkaline medium, the neutralisation of the fonner is carried 
out in the same way, and the depth of the two red solutions can then be 
directly compared. 

2. Uett's Method. — A method which is now very generally employed 
estimating the proteolytic activity of a digestive juice is one originally in 
duoed by Mett. Pieces of capiBary glass tubing of known length are filled 
with white of egg. This is set into a solid by heating to 95° C They are 
then placed in the digestive fluid at 36^ C. and the copulated egg-white is 
digested. After a given time the tubes are removed ; and if the digestive 
process has not gone too far, only a part of the little column of coagulated 
protein will have disappeared ; the length of the remaining column ia eadly 
measured, and the length that has been digested is a measure of the digestive 
strength of the fiuid.^ This forms a very convenient method to u 
ments on velocity of reaction. Schiitz's Law states that the amoi 
is proportional to the square root of the amount of enzyme, Ir 
caaes of enzyme activity the rapidity of action is directly proportional to 
aniount of enzyme present (see pp. 92-95). 

3. Sflreaseil's Mettiod.^This very simple method for the estimation 
amino-aeids depends on the aetion of formaldehyde on these Bub9tan< 
Amino-aoids combine with formaldehyde to form methylene compounds :- 

R.CH.NHg+0 : CH,= E.CH.N : CHa + HjO 
I I 

COOH COOH 



4 



The bade character of the amino-acid thui 
(COOH) or acid group may be titrated in 



being destroyed, the earbo 
rhe usual way. The method i 



b 



1 Hun burger baa used the same method iu iavesti gating the digestive action d 
juicee on gelatin. The tubes are filled with warm gelatin aulutioii, and this jailifl 
on coolmg. Tbey are placed us before in the digestive mixture, unil the lenglh^ 
the column that disap|ieara chii be eaiilj raeusured. These eiperimenta must, htnf 
ever, be performed at room temperature, for the usual temperature (36°-40° 0.) t 
which artificial digestion is uaually carried out would melt the eelatin. H" ' " 
used the same method for estimating amylolytio activity, by filling the t 
thick starch paste. 



DIGESTION 233 

carried out by adding an excess of a neutral foimaldehyde solution to the 
digeated fluid, and titrating the acid set free with decinoriDal alkali, aa described 
under estimation of ammonia in urine (Leaaoa XXII.). 

4. Tbe Method of Gross and Fnld.— in this method a eolution of 
caseinogtsn is used aa the substrate. As caseinogen is soluble in dilute hydro- 
chloric aoid as well aa in alkaU, the method can be used for observations in both 
peptic and tryptio enzymes. In the case of peptic digestion, the caseinogen 
which is still undigested is precipitated by sodium acetate, while the cleavage 
products remiun in solution. In tryptic digestion the end point is eetlmated by 
precipitating the undigested caaeinogen with alcohol and acetic aoid. 

(a) Caseinogen MeHtod/or Pepain Eatimationa. — The caseinogen solution in 
prepared by dissolving 1 gramme of caseinogen (Hammarsten's cnaein) iu I 
litre of dilute hydrochloric acid (16 c.e. of HCl, specific gravity 1'124, and 
986 c.c. of water}. A series of teat-tubes are charged with 10 c,c. of the 
caseinogen solution, and decreasing amounts of the gastric juice. The tubes 
are incubated for fifteen minutes at body temperature, and then a few drops of 
a concentrated solution of sodium acetate are added to each. Those tubes in 
which all the caseinogen is digested will show no precipitate ; those tubes in 
which much caseinogen remains undigested will show a heavy precipitate ; the 
first tube in which a mere cloud is observed is taken as containing the amount 
of enzyme just sufficient for digestion, and this amount is taken aa the unit. 
Normal gastric juice by this method shows 33 units. 

(6) Caseinogen Method for Trypdn EBlimations. — One grajnme of caseinogen 
is dissolved in 10 c.c. of decinormal soda, centralised with decinormal hydro- 
chloric acid, and made up to a Utre with distilled water. Again a scries of t«st- 
tubes are charged with 2 c.c. of the solution and decreasing amounts of the 
pancreatic fluid. These are incubated for an hour at body temperature, and 
then a few drops of acid alcohol (I c.c. aeetic acid, 50 c.c. alcohol, 49 c.c. water) 
added to oauh. The tube which shows only the faintest cloud is taken as before 
as the unit. Human pancreatic juice shows by this method on the average 
250 units, that of the dog 125-250 units. 

s. Egtimatioii of Amino-Nitrogen by Van Slyke's Method.— The 
principle of this method is based on the well-known reaction of nitrous atid on 
aliphatic substances which contain ao aniino-group. Tiie reaction proceeds 
according to the formula — 

E.NH2+HN0a=R.0H+H,0+Nji 
R being the fatty radical It will be seen that the amount of nitrogen evolved 
is double that contained in the amino-compound. Therefore the final result 
must be divided by 2. 

Fig. 49 shows the apparatus designed by Van Slyke for obtaining and 
measuring the nitrogen evolved. 

The apparatus is first filled with nitric ojude in order to displace the air ; 
this gas is also used to wash the evolved nitrogen into the eudiometer (F). 
which is filled with 1 per cent, sulphuric aoid. The excess of nitric oside is 
removed by permanganate solution contained in a Hempel pipette (H). The 
tube A serves for the supply of nitrous acid (sodium nitrite and glacial aeetic 
acid). The reaction between the amino -substance and nitrous acid is carried 
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out in D. The amino-substMice in solution is run into D from the gradnated 
tnbe B. The description of the determination may be divided into three 

(1) The, Disj^acement of Air by Xilric Oxide.— Tho acidulated water in F 
fills the capillary tube leading to the Hempel pipetfe (H). and also the capillary 
tube as far as c. Glacial acetic acid is poured into A up to the mark ; this is 
run into D, the stopcock c being turned so as to let the air escape from D. 
Through A one next pours sodium nitrite solution (30 grammes of sodium nitrite 
per 100 c.c. of water) until D is full of solution. The gas exit from D is now 
closed by the stopcock e, and a being open, D is shaken for a few seconda. 
The nitric oxide which instantly 
collects is let out at c, and the 
shaking repeated. The second 
amount of lutric oxide then 
evolved, which washes out the 
last portions of air, is also let 
out through c D is now shaken 
until all but 20 c.c. of the solu- 
tion have been displaced by 
oxide, and driven back 
into A, A mark on D indicates 
the 20 c.c. point. One then 
closes a, and turns c and f so 
that D and F are connected. 

(2) Decomposition of tht 
AmiTw-substance. — Ten c.c. (or 
less) are measured off in B, and 
a known amount of this is run 
into D, and D is shaken for three 
to five minutes. With a-amino- 
acids, proteins, or partially or 
completely hydrolj'sed proteins, 
five minutes' vigorous shaking 
is sufhcient. (A small motor 
may be arranged for the pur- 
m where the solution is viscid, and the 
F, B is rinsed out and a little caprylic 
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pose of shaking D nnd H.) In c 
hquid threatens to froth over int 
alcohol added through it. 

(3) Abmrplioii of Nitric Ozide and Measaremenl ofXitrogen. — The reaction 
being completed, all the gas in D is displaced into F by liquid from A, and this 
gaseous mixture of nitrogen and nitric oxide is drawn from F into the absorption 
pipette H. The latter, which is filled with permanganate solution (50 grammee 
potassium permanganate and 25 grammes caustic potash per Utre) ia then 
shaken for a minute, and thus the nitric oxide is absorbed. The remaining gas 
(which is pure nitrogen) is then returned to F and measured. This amount 
divided by 2 (see equation) gives the amount of a mi no-nitrogen, from which 
the amount of the amino. substance analysed is calculated in the usual way. 

6. The Add of O&stric Juice.— The digestive powers of the acids ate 
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proportional to their dissociation snd the number of H ions liberated. The 
anions, however, modify this by having di&erent powers of retarding the 
action. The greater suitability oE hydrochJoiio over lactta a^id, for inetance, 
in gastric digestion in due to the fact that Che former acid more readily under- 
goes dissociation. 

Hydrochloric acid is absent or diminished in some diseases of the stomach, 
especially in cancer ; this ia true for cancer in general even when the stomach 
is not involved ; the best ooloui testa for it are the following : — 

(a) Glinzburg's reagent consists of 2 parts of phloroglucinol, 1 part of 
vaniliin, and 30 parts of rectiHed spirit. A drop of filte^d gastric juice is 
evaixtrated with an equal quantity of the reagent. Red crystalx form, or, 
if much peptone is present, there will be a red past«. The residue is of a bright 
red colour, even when only I part of hydrochloric acid in 10,000 is present. 
The organic acidsido not give the reaction. 

(6) TropiBolin test. Drops of a saturated solution of tropteolin-OO in 94 per- 
cent, methylated spirits are allowed to dry on a porcelain slab at 40° C. A 
drop of the fluid 'to be tested is placed on the tropssolin drop, still at 40" C. ; 
and if hydrochloric acid is present a violet spot is left when the fluid has 
evaporated. A drop of 0'006 per -cent, hydrochloric acid leaves a distinct 

(c) Topfer's test. A drop of dimethyl-amino-azo -benzene is spread in a 
thin film on a white gilate. A drop of dilute hydrochloric acid (up t« I in 
10,000) strikes with this jn the cold a bright red coloiu-. 

Tropieolin and Topfer'a reagent are two of many aniline dyea which can 
be used for the purpose. 

Larlie acid is sometimes present in the gastric contents, beii^ derived by 
fermentative processes from the food. It is soluble in ether, and is generally 
detected by making an ethereal extract of the Htomooh contenta, and evapo- 
rating the ether. If lactic acid ia present in the readue it may be identified 
by Uffelmann'a reaction in the following way ; — 

A solution of dilute ferric chloride and carbohc acid is made as followR : — 

10 Co. of a 4 per-cent. solution of carboHc acid. 

"~ 0.0. of distilled water. 
drop of ferric chloride solution. 

On mixing a solution containing a met« trace (up to 1 x>art in 10,000) of 
laicfic acid with this violet solution, it is instantly turned yellow. Larger 
percentages of other acids— for instance, more than 0*2 per cent, of hydro- 
chloric acid — are necessary to decolorise the solution, but the yellow colour 
produced by lactic acid is not obtained. 

Hirphina'a Eeaditm/or Lactic Acid, — Place 3 drops of a I per-cent. alcoholic 
solution of lactic acid in a clean, dry test-tube, add 6 c.c. of concentrated 
sulphuric acid and 3 drops of a saturated solution of copper sulphate. Mix 
thoroughly andplace the test-tube in ft beaker of boiling water for live njinutea. 
Then cool thoroughly under the tap, and add 2 drops of a 0'2 per-cent. alcoholic 
solution of thiophene and shake. Replace the tube in the boiling water ; as 
the misture gel-s wai'ni a cherry -red colour develops. 

7. Demonstiatioii of Pancreatic Secretion, —In an ans^sthetised dog insert 
a cannula into the main pancreatic duct, and collect the juice in a suitable 
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veHsei. InJBct Bome 0'4 per-eent. hydroeUloric acid into the duodenum, and 
note after Bomo minutes the abundant flow of panoreatio juice. Next ligature 
off and remove two or three feet of t he upper part of the amall intestine, waah 
out the contents and slit it open ; scrape off the mucoas membrane with the 
back of a Bcnipel ; preserve a small quantity of the scrapings for future use 
and label this A. Grind up the remainder in a mortar with clean eand or 
powdered glass, and add 04 pcr-cent. hydrochloric acid. Tranefer the mixture 
to a flaak, boil, and when cool neutralise with a little caustic soda solution. 
Filter ; the filtrate contains sarflin, which has been formed by the acid from 
the ■pro-BtcTfiin of the intestinal epithelium. Inject some of this solution 
through a cannula into the external jugular vein of the dog. and an abundant 
flow of pancreatic juice is an almost immediate result. 

Characters of the juice so obtained : — 

(a) It Ls a clear, colourless fluid, and very strongly alkaline. 

(h) Mixed with stareh solution and kept at 40° C. dextrin and maltose tm 
rapidly formed, 

(c) Mixed with milk there may be some curdling produced, but the moat 
marked effect is that the milk rapidly becomes acid, and a smeU of fatty 
acids is noticeable. 

(d) Added to fibrin and kept at 40° protein digestion occurs very slowly ; 
next day, however, the fibrin will bo in some measure digested. 

(e) Mix some of the pancreatic juice with the scraping of the inteatinfi 
which was preserved and labelled A, Then add fibrin. The fluid is now 
strongly proteolytic, and at 40° C. the fibrin rapidly dissolves ; trypsin has 
been liberated from the trypsinogen of the juice by the intestinal enitro- 
kmase. 

8. Produots of Pancreatic Digestion of Proteins,— A pancreatic digest 
should be prepared beforehand by the detnonstrator. This may be done by 
digesting a quantity of protein, with artificial pancreatic juice, if the natural 
juice prepared by the action of secretin is not avaUable ; in the latter case the 
addition of intestinal epitheUum (entero-tdnase) should not be forgotten. 
Unless an antiseptic has been added putrefaction will also occur, and its odour 
wUl be very perceptible after the mixture hrw been placed in the warm chamber 
for some time, 

A very good mixture for the purpose will be found to be the following ;— 

101) grammes of plasmon (caseinogen). 
10 grammes of sodium carbonate. 

I Utre of water. 
25 c.c. of Benger's liquor pancreatic us. 

O'S gramme sodium fluoride. 

3 c.c. chloroform. 

The last two items on the list are added to prevent putrefaction. 

After digestion has progressed for one to two days another 10 c.c. of liquor 
pancreaticus may be added. 

The products of digestion in one case should be examined, say, aft«r sa 
hours' digestion, and in another case after thirty. six hours' or more. The 
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digestive products should then be searched for ; the earl; products of digestion 
(alkali-albumiu, deutero<prot«OHe, etc.) will become less abuudant with the 
length of time that digestion has been allowed to progress, and the later 
produi'ts (peptone, leucine, tyroaiiie, tryptophane, etc.) will become more 
abundant. 

(a) Tryptophane. — Add a few drops of bromine water ; a violet colour is 
produced. Add 2 or !t c.c. of amyl alcohol and shake. The alcohol naea on 
standing and contains the pigment in solution. 

(6) Leucinf. and Tyrosine. — i. Examine microscopical specimens of these. 
The depout generally found in rather old specimens of Benger's liquor pan- 
oreaticus will be a convetuent source of these crystals. 

ii. To some of the pancreatic digest add Milion's reagent and lilt«r oS 
tlie precipitated protein. Boil the filtrate, and the presence of t)T:08ine is 
indicated by a red colour. If tyrosine is abundant the red colour appears 
without boiling. leucine does not give this test. 

iii. Faintly acidify another portion of the filtered digest with acetic acid 
and boil ; if any protein matter is still undigested it will be thus coagulated 
and can be filtered oS. Reduce the filtrate to a small bulk until it begins to 
become syrupy. Leave overnight in a caol place, and crystals mainly of 
tyrosine will separate out. Filter these off through fine niualin, and evaporate 
down the filtrate to the oonsistenoy of a thick syiup ; leave this overnight 
again, and a second crop of crystals, forming a scum on the surfa(« and oon- 
sisting mainly of leucine, will have separated out. 

iv. Mdrnfr's Ted for Ti/rosine.^The following reagent ia used : — 1 c.c. 
formalin, 45 c.c. distilled water, 55 c.e. concentrated sulphuric acid. If a 
portion of this solution is boiled with a little tyrosine (in the solid form or in 
solution), an emerald-green colour appears. This test often fails in the presence 
of organic impurities. 

9. In a digest in which putrefaction has occurred, teat for indole as 
follows : — Add a little sulfihm'ic acid and a, few drops of a dilute solution of 
sodium nitrite ; a bright red colour is produced (Cholera-red reaction). 

10. ZjrmOKen Oranoles. — Examine microscopically, mounting in aqueous 
humour or serum (or in glycerol after treatment with osmio a«id vapour), 
small pieces of the pancreas, parotid, and submaxillary glands in a normal 
guinea-pig,' and also in one in which profuse secretion had be«n produced by 
the administration of pilocarpine. 

Note that zymogen granules are abundant in the former, and scarce in 
the latter, beii^ situated chie&y at the free border of the cells. 

' The guinea-pigs should be killed by bleeding, and the blood collected and 
delibrinated, and utilised fur the preparation of oxjliosmoglobin crystals. This 
will give students an opportunity of seeing the eioeptional form (tetrabedra) in 
which the blood-pigment of this animal iryetallises. 

The three methods of ohtBiuiiig cryslAU described on p, 14[> all give good results. 
If omyl nitrite is used inatead of ether in the third method, oiystals of methtemo- 
globin are obtained. 
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LESSON XIX 

THE BLOOD 

I. BSeet of Decaldfting Agents in hindering CoagtUatioi). — Vmm ij 
aoiEethetiHCil dog collect samples of blood from the carotid artery, i 
a suitable cannula should have been previously inserted. 

(a) Collect the first sample in an equal volume of 0-4 per-cent. solutil 
of potassium oxalate made with physiological salt solution. 

(6) Collect the second sample in a tenth of its volume of a 3 per-ceat. s 
tion of aodium fluoride. 

(e) Collect the third sample L 
Bolutioa of aodium citrate. 

In all time cases mix thoroughly, and coagulat 
decalcification, as explained on p. 138. 

The separation of the plasma from the corpuscles may be most ri 
carried out by a centnfugal machine ; the corpuscles settle and the snpep^ I 
natant plasma can be then pijietted olf. Sedimentation is specially rapid ia 
the case of citrate blood, and a well-marked layer of colourless corpuscles «^ 
platelets may usually be seen on the top of the mass of red corpuscles. 

Oxalate plasma and citrate plasma coagulate on the Testoration of the 
calcium by adding a few drops of calcium chloride solution, as we have ^resdj 
seen in the elementary course (p. 1^). Fluoride plasma does not coagnlato 
unless fibrin ferment (or some fluid such as Herum which contains flbrin-fenneot 
or thrombin) is added as well as the calcium salt. Fluoride plasma thus forma 
a convenient teat-fluid tor fibrin ferment. 

If in either case the plasma ia previously heated t 
coagulation — that is to say, fibrin formation — can never be produced, b 
its mother substance, fibrinogen, which is coagulated by heat at 56 C, h 
been coagulated and removed. 

2. Inflnence of Leech Extract on Coagulation.— ^The same dog t 
under the anicsthetic may be next used for the following experiments : — 

(a) Draw ofi a sample of blood into a clean test-tube, and note tJte t 
it takes to clot. 

{b) Draw off a second sample into about half its volume of leech ei 
made by grinding up the heads of about twenty leeches in 20 c.c. of salt aohl<i ' 
tion, and filtering. This remains unclotted for hours or days. 

(c) Inject 10 0.0. of the extract into the jugular vein of the animal, and 
draw oft samples of blood from time to time, comparing the coagulation time 
(which gradually lengthens] with that of specimen a. 

^d) Having obtained a specimen which does not clot at all, dilute it wilk . 
salt solution ond^poss a stream of carbon dioxide through it. Clotting is oot J 
produced as it is in " peptone " blood (see 3 g, below). In order to pio dw Bft 
clotting, excess of serum, or some fluid containing thrombin, niuat be ad^d. 
The action of leech extract is mainly due to the fact that it contains anti- 
thrombin. 
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(e) The cxperimentB described under d may be repeated uith leech uxtract 
plasma, obtained from tbe blood by oeotrifugftiiBing. 

(/) Instead of leeoh extract, a solution of its active principle (hirudin) may 
be used. This produces little or no fall of biuod pressure, and ho contrasts 
with what occurs in " peptone " injection. Leech extract produces a very 
sniiitl fall of arterial presisure. 

3. bifinence of Ckmimetoial PeptooeB (Proteoses) on Coagulation.— For 
the piirjioae uf the following experiments another dog must be employed. 

The animal having been aniesthetised a (^nnula in ])l(iced in the external 
jugular voiii for the injection of the '' peptone." 

The carotid artery is connected to a mercurial manometer for the registra- 
tion of arterial pressure. 

Another convenient artery must be exposed and a cannula inserted into it 
for oolleetion of samples of blood. 

(a) First draw o& a sample of blood and note its coagulation time. 

(&) Draw a second sample into a strong solution of commercial peptone. 
The coagulation time is somewhat longer than in n. 

(c) Draw oG a small sample and make a hlood Him, staining it with methy- 
lene blue ; count the colourless corpuscles. 

(rf) Then inject the peptone quickly, so that the animal receives 03 gramme 
per kilo, of body-weight. Note during and for some time after the injection a 
great tall in arterial blood -pressure. This has been shown by the oncometer 
to bo due to vascular dilatation. 

(e) After the injection draw off successive samples, and cote the great 
prolongation of the coagulation time which is soon produced. 

(/) Make a stained blood film from one sample as before, and note the 
great scarcity of colourless corpuscles. 

(g) Dilute some of the blood which does not clot with twice its volume of 
salt solution, and pass a stream of carhomc acid through the mixture ; coagula. 
tion soon occurs. 

(A) The same experiment may be repeated with the same result, if 
" peptone " plasma obtained by centrifugalising ia used instead of the whole 

{{) Finally bleed the animal to death, collecting the blood in three sucoessivo 
glass cylinders. Place them in the ice chest, and examine them a few days or 
a week later. 

The first lot of blood collected wdl show sedimentation of corpuscles, and 
a slight dot at the junction of the corpuscles and supernatant plasma — that 
is, at tbe place where the white Dorpuscles and platelets lie. 

The last lot of blood collected shows less sedimentation, and will probably 
have clotted throughout. This is because the blood removed last has been 
diluted by tissue lymph, which has passed into the blood-stream in an attempt 
to increafio the volume of the blood, which has been lessened by the previous 
bleeding ; the clot produced is probably due to the action of thrombo- 
' kinase. 

The middle sample will show something intermediate betwpen the two 
extremes, the usual state of things being clot through the sediment, and the 
plasma above it still duid. 
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4. Intravasculai Coairutation.— A solution of nuolea-protdn from ths 
thyiciUM, testis, lymiiliatic glands, or kidney has been prejiared I 
by the demonstrator. It may be |)repared in one of two wa}^. 

{a) Wooldridge'e Method: — The gland is cut up small and extracted v 
water for twenty-four hours. Weak acetic acid (0-5 c.c. of the acetiG acid ol 
the" Pharmacoproia "diluted with twice ita volnine of water fore' 
of extract) is then added to the decanted liquid. Aft«r some hours the pre- 
cipitated nucleo-pretein (called tissue -fibrinogen by Wooldridge) falls to the 
bottom of the vessel. This ia collected and dissolved in 1 per-oent. aodium 
carbonate solution. 

(6) The Sodium Chloride Method, — The finely divided gland is ground up 
in a mortar with about an equal quantity of solid sodium chloride and a 
smaU quantity of wat«r. The resulting viscous mass is poured into excess' , 
of distilled wat«r. The nucleo -protein rises to the surface of the water, wheiw 
it may be collected and dissolved as before. 

A rabbit ia anaesthetised, and a cannula inserted into the external jugulat 
vein. The solution is injected into the circulation through this. The aninud 
Hoon dies from cessation of respiration ; the eyeballs protrude and the pupiH 
are widely dilated. On opening the animal the heart will be found s:li 
beating, and its cavities (especially on the right side) distended with clotto 
blood. The vessels, especially the veins, also are full of clot. The blood 
the portal vein is usually clotted most. If a dog is employed instead of i 
rabbit in this experiment, coagulation is usually confined to the portal a 
This is related to the greater venosity of the blood in this situatiun. If veno 
is increased in any other area, as by tctaiiiaing the muscles of one leg, clottini 
will be found also in the veins of tl lia region. 

5. The Estimation of Qlucose in Blood and Blood Senun.- 
estimation of glucose necessitates the complete removal of proteins. Of tb 
many methods suggested for this purpose that of Michaelis and Roua is tl 
best. It depends on the property wluoh proteins possess of bemg absorbed b 
other colloids, and they are thus carried down with them when they come inl 
contact with electrolytes. Colloidal iron (ferric hydrate) is generally used ft 



this purpose. 

(a) InSeram. — 50 c.c 
40 o.c. of the colloidal ii 



b 



rum are diluted to 500 c.c. with distilled water, 
solution are added slowly with constant 
On filtering, a water-clear filtrate is obtained, free from iron and protein. 
exactly measuring its volume, it is slightly acidified with acetic acid and co 
centrated in vacao or on a water-bath, and made up to 50 c.c. in a measurii 
flask. Glucose is estimated polarimetrically, and by any of the reduotit 
methods described (see Lessons XU. and XIII.). 

(b) In the whoh Blood. — A measured or a weighed quantity of blood (34 
40 0.0. or 3CH0 grammes) is diluted to 1 litre with distilled water and the ire 
solution added as before. For 1 gramme of blood about 3 c.c. iron solutjc 

jquired. The mixture is left standing, with frequent shaking, for abonl 
ten minutes. Now one adds 1-1-5 grammes finely powdered 
sulphate and shakes for one to two minutes. Filter and proceed as b^oE& 
Although the addition of ma^esiiim sulphate 
such an addition can be dispensed with in the 



I the whole bloo^ 
, the salts of wiucA 
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LESSON SX 

HEMOGLOBIN AND ITS DERIVATIVES 

uitably diluted may be used in the following exfjeri- 
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act OB the eleotrolytes in the reaction. The reason why the addition of a sal 
to the whole blood ahould be neceHsary ia not clear. 

(r) A microcheniioal method for the eBtimation of glucose in blood hai 
recently been deacribed by Bang, which ma^es It jiossible to eatiniate r 
accurately in two or three drops of blood (100 mg.). 

I]J)6flbrinated ox-blood ai 
wnts as in those described u 

1. Place some in a vessel with flUit aides in front o£ the large spectrosco|.H'. 
Note the position of the two characteristic bands of oxylieeiiioglabiii ; 
these are replaced by the single hand of hEemoglobilL after reduction by 
the addition of Stokes's reagent or of ammonium sulphide. By means of a 
small rectangular prism a comparison spectrum showing the bright sodium 
line (in the position of the dark line named D in the solar spectrum] may be 
obtained, and focuased with the absorption spectrum. 

2. Obtain similar comparison spectra by the use of the miorospectro- 
scope. For this purpose a cell containing a small quantity of oxylucmo- 
globin solution may be placed on the microscope stage, and a test-tube 
containing eaibonic oxide luemoglobm in front of the slit' in the side 
of the instrument. Notice that the two bands of carbomc oside hwnioglobin 
are very like those of osyhtemoglobin, but are a little nearer to the violet 
end of the spectrum. 

Carbonic oxide haemoglobin may be readily prepared by passing a stream 
of coal gas through the diluted blood. It has a eheny-red colour, and is not 
reduced by the addition of ammonium sulphide (fig. 50, spectrum 4). 

3. MethEemoglDbin. — -Add a few drops of ferricyanide of potaasium to 
dilute blood, and warm gently. The colour changes to mahogany-hrowu. 
Place the tost.tube in front of the small direct-vision spectroecope. Note the 
cbaraoteristic band in the red (flg. 50, spectrum 5). Ou dilution, other bands 
appear (fig. 50, spectrum 6}. Treat with ammonium sulphide, and the band 
of hemoglobin appeal^ 

4. Acid HEematill. — (a) Preptu^ the following mixture : — 150 o.o. of SO 
I per-cent. alcohol and 6 c.c. of concentrated Bulpbmic acid ; take about 5 o.q. 

of this mixture and boil it in a test-tube. While still hot, drop into it a few 
drops of undilutfid defibrinated blood, and filter. Note the brown colour 
of the fibrate. Compare the position of the absorption band in the red with 
that of metbxmoglobin ; that of acid h^matin is further from the D line 
(fig. 50, spectrum 7). 
I (6) Add some glacial acetic acid to undiluted defibrinated blood. Extract 

' this with ether by gently agitating it with that fluid. The ethereal extract 

should then be poured oS and examined spectroscopioally. The band in the 
I on further diluting with etber, three additional bonds appear. 

16 
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5. Alkaline Hsematm. — (re) Add to diluted blood a Kmall quantity of 
strong t^iiustii; potash, and boil. The colour changes to brown, and with the 
Hjiectroscope a faint aliading on the left side of the D line ia seen (fig. 50, 
spectrum 8). 
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FIO. 63.— The pliotiJgruphii; spectrum uf iiiyhiuiuUBlobln and iiielhi.inn.slol'lu, (Raniget.) 

(6) The band ia much better seen in an alcoholic solution. Prepare the 
following mixture : — 150 o.c. of 90 per-cent. alcohol, and 18 c.o. of 50 per- 
cent, potash. Take about 5 cc. of this mixture in a t«st-tube and boil it. 
Wbile still hot, drop into it a few drops of undiluted defibrinated blood. The 
fluid shows the Bijectrum of alkaline hapmatin. This may then be used for 
tbe next exjieriment. 
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n sulphide to the solution of alkaline 
'ed, and two bauds lire Been, one between D 
Lciding with E and b {fig. 50, ttpectrum 9). 
a reappears for a ehort time nfter vigorous 



6. Hseinochroinogen.— Addai 

fa(Muatii) ; the colour chiingea to i 
and E, aiid the other nearly coin 
The apectruin of alkaline hsmatin 
shaking with air. 

7. Heematoporpliyim.— To aome strong sulphuric aoid in a teHt-tube__add 
a few drops of undiiutad blood, and observe the speotrum of acid hiemato- 
porphyrin. (iron-free hiemntin) (fig. fiO, spectrum 10). Map out all the Bpeotra 
you see ou a chart. 

S. The PhDt(%raphic Speotnim. — Hiemoglobin and its compounds also 
show absorption bands in the ultra-violet portion of the apectnun. This 
portion of the spectrum is not visible to the eye, but can bo rendered visible' 
by allowing the spectrum to fall on a fluorescent screen, or on a sensitive 
photographic plate. In order to show absorption bands in thiti part of ths 
spectrum very dilute solutions of the pigment must be used. 

In order to demonstrate these bands, the telescope of a large spectroscope 
is removed, and a beam of sunlight or of light from the positive pole of an 
arc lamp is allowed to fall on the slit of the collimator. The spectrum is 
tocuased on a fluorescent screen.' The slit is then opened very widely, and 
the coloured solution is interjMised on the path of the beam falling on tile slit. 
Oxyhcemoglobin shows a band (Soret's band} between the lines G and H. 
In hiemoglobin, carbonic oxide haemoglobin, and nitric oxide hemoglobin, 
this band is rather nearer G. Methicmoglobin and h^matojiorphyrin show 
similar hands. 

The two preceding figures show the ''photographic spectra" of hemo- 
globin, oxyhemoglobin, and methiiemoglobin, and will serve as examples of 
tthe results obtained. I am greatly indebted to the late Professor Oamgee, 
to whom we owe most of our knowledge on this subject, for permissioD to 
reproduce those two sj>eiiimenB of his numerous photographs. 
9. Preparstion of Pure Oxyhsemoglobin.— Centrifugahse dog's deflbrin- 
atcd blood, and pour off the serum. Centrifugalise again with physiologioal 
saline solution repeatedly imtd the supernatant fluid contains only traces 
of protein. Mix the magma of corpuscles with two or three volumes of water 
saturated with acid'free ether ; the solution becomes clear. Then add a 
few drops of 1 per-cent. solution of acid sodium sulphate tilt the mixture 
looks tinted like fresh blood, owing to the precipitation of the stramata. 
These can be separated by filtration. Four ofl the clear red fluid : cool it to 
0° C, add one-fourth of its volume of absolute alcoliol previously cooled to 0° C. 
Shake well, and then let the mixture stand at 5°-15° C. for twenty-four hours. 
As a rule the whole passes into a glittering crystalline mass. Filter at 0° C. 
and wash with ice-cold 25 per-cent. alcohol. Redissolve the crystals in a small 
quantity of water, and recrystallise as before. The crystals may then be 
spread on plat«B of porous porcelain, and dried in a vacuum over snlphnrio 
wit 
cya 



' Fluorescent si 
with RoDtgon mya 
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LESSON XXI 
JIUSCLE AND NERVOUS TISSUES 



' 1. Hopkins's Lactic Add Test {see p. 235) may be applied as foUowH. 
Remove one hind limb of a, pithed frog. Stimulate the sacrftl plexus of tbo 
other side for ten minutes witb a strong Faradic current. Then amputate 
the other hind Umb. Skin botli legs, and chop up the muselcs of the two aides 
separately. Found each in u mortar witb clean sand and then with 15 c.c. 
of 95 per-oent. aloohol. Transfer the mixture to a beaker, and warm in the 
water-bath for a few minutea. Filter, and evaporate the filtrate to dryness 
in a wat«r-bath. fetraot the residue with about 5 c.c. of cold water, cubbing 
it up thoroughly with a glass rod. Filter and boil the filtrate in a test-tulje 
for about a minute with as much animal charcoal as will lie on a threepenny- 
piece. Filter again and evaporate the filtrate to drjTieas in a water-bath. 
Allow the residue to cool, and dissolve it by shaking in 5 o.c. of concentrated 
aulphuiio acid. Transfer this to a dry teat. tube ; add 3 drops of saturated 
solntion of copper sulphate, and place the tube in boiling water for live 
minutes. Cool and add 2 drops of 0-2 per-cent. solution of thiophene in 
aloohol ; replace the tube in the boiling water. A cherry-red colour 
develops in the tube containing the extract from tetaniaed muscle, but 
not in the other. 

2. A rabbit has been killed and its muscles washed free from blood by a 
stream of salt Solution injected through the aort-a. The muscles have been 
quickly removed, chopped up small, and extracted with 5 per-cent. solution 
of magnesium sulphate. This extract is given out. It will probably be 
faintly acid. The acid is sarco.lactic acid. It may be identified by Ullel- 
mann's or Hopkins's reaction (p. 236). 

3. The coagulation of muscle somewhat resembles that of blood. This 
may be shown with the salted muscle plasma (the extract given out) as follows : 
Dilute some of it with four times its volume of water ; divide it into two 
parts ; keep one at 40° C. and the other at the ordinary temperature. Co- 
agulation- — that is, formation of a clot of myosin— occurs in both, but earliest 
in that at 40° C. 

4. Remove the clot of myosin from 3 ; observe it is soluble in 10 per-cent. 
sodinm chloride, and also in 0-2 per-cent. hydrochloric acid, forming acid 
meta.protein. 

5. Make an extract of muscle in the same way, using a small quantity 
of physiological salt solution instead of the strong solution of magnesium 
sulphate employed in the foregoing experiments. Such an extract contains 
the two principal proteins, viz. paramyosinogen (v. Fiirth's myosin) and 
myositiogen (v. Fiirth's myogen}, the two precursors of the muscle-olot or 
myosin (v. Fiirth's mnsole-fibrin). Small quantities of other proteins also 
present are mainly due to unavoidable mixture with small amounts of blood 
and lymph. 

These two proteins differ in temperature of heat coagulation. Take the 
extract and heat it in a test-tube within a water-bath ; at 47° C. paramyosin- 
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ogen is coagulated ; filter this oS, and heat the filtrate ; at 56° C. flooouli of 
the coagulated myoHinogen Heparate out. 

6. Paramyosinogen is precipitable by dialysis, and is a tme globulin. 
Myoainogen is what is called an atypical globnltn, and correspondB to the 
peeudo-globulin of blood serum and egg-whit«. Though readily salted out 
of solution like paramyosinogen it is not precipitable by dialysis. 

7. In the process of clotting, such aa occurs in rigor mortis, paramyosino- 
gen is directly converted into myosin ; whereas myounogen first passes into 
a soluble modification (ooagulable by heat at the remarkably low temperature 
of 40° C.) before myosin is formed. This is shown in a diagrammatic way 
in the following scheme : — 



Protons of the living muscle 




Myosin 
(the protein of the musole-olot). 

6. Wfaen a muscle is gradually heated, at a certain temperature it con- 
tracts permanently and loses its irritability. This phenomenon is known as 
h£al-rigor, and ia due to the coagulation of the proteins in the muscle. If 
a tracing ia taken of the shortenii^, it is found that the firat shortening occurs 
at the coagulation temperature of paramyosinogen (4T'-50° C), and if the 
heating is continued a second shortening occurs at 56° C, the copulation 
temperature of myosinogen. If frt^'s muscles are used there are three 
shortenings — namely, at 40°, 47°, and 66° C. ; frog's muscle thus contains 
an additional protein which coagulates at 40° C. This additional protein 
may be the soluble myosin alluded to above, some of which, in the muscle 
of cold-blooded animals, is present before rigor mortis occurs ; at any rate, it 
has the same coagulation temperature. 

In addition to the proteins mentioned, there is a small quantity of nucleo' 

9. InT4dtmtar]r Hnscle.— The main facta just described for voluntary 
are true also for involuntary muscle. The chief distinction Uea in the quantity 
of nucleo -protein, which is more abundant in those forma of muscle the fibres 
of which are least different from the meaobiastic cells from which all ultimately 
originate. This may be readily shown by the following simple experiment. 

Take equal parts of voluntary muscle, heart muscle, and plain muscle 
(say from the stomach wall), and extract each for the same time with equal 
amounts of 0-15 per-cent. solution of sodium carbonate. Filter and add to 
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each filtrate acetia acid, drop by drop. The extract of Toluatary muscle 
gives aa opaleaceDce only ; in the caae of the plain musole there in an abundant 
precipitate ; the heart muscle gives a result intermediate between the other 

10. Pigments of Muscle :— 

(a) Notice the difference between the red and pale muscles of the rabbit. 

{b) Examine a piece of red muscle {e.g. the diaphragm) spectroscopically 
for oxyhiemoglobin (or it may be more convenient to make an aqueous extract 
of the miiBDie, and examine that). 

(c) A piece of the pectoral muscle of a pigeon has been soaked in glycerol. 
Press a email piece between two glass slides, and place it in front of the 
spectroscope. Observe and map out the bands of myohiematin. This 
pigment is doulrtless a derivative of haemoglobin. 




by glycertn. 3, Abiorpllon ipeotruni of modlfled myohi 

(rf) Pieces of the same rauaoles have iieen placed in ether for twenty-four 
hours. The ether dissolves out a yellow lipochrome from the adherent fat. 
A watery fluid below contains modified myoh»matin. Filter it ; compare 
its spectrum with that of hiemochromogeu. The myoh»matin bands are 
rather nearer the violet end of the spectrum (fig. 133, spectrum 2) than those 
of hiemo«hrotnogen (fig. 50, spectrum 9). 

11. Cre&tiiie:— 

(o) Talte some of the red fluid described in 10 rl, and let it evaporate to 
dryness in a desiccator over sulphuric acid. 

In a day or two, crystals of creatine tinged with myoha>matin separate 

(6) Take an aqueous extract of muscle, such as liebig's extract or beef- 
tea ; add barj'ta water to precipitate the phosphates, and filter. Remove 
excess of baryta by a stream of carbonic acid ; filter off the barium carbonate 
and evaporate the filtrate on the water-bath to a tliick syrup. Set it aside 
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to oool, and in a few dayB a crystalline deposit of creatine will be found at the 
bottom of the vessel This is washed with alcohol and dissolved in hot water. 
On concentrating the aqueoos solution, oryetals once more separate out, 
iriiich may be still further purified by recrystallisation. 



'NERVOUS TISSUES 

The chemical investigation of nervons tissues is not well adapted to class 
exercises ; still it ma; not be uninteresting to state brieSy the principal known 

facts in relation to this subjeot. The most important points which any table 
of analyses will show are: (1) the large percentage of water, especially in 
the grey matter ; {2) the large percentage of protein. In grey matter, where 
the cells are prominent structures, this is most marked, and of the solids, 
protein material here comprises more than half of the total. The following 
are some analyses which give the mean of a number of observations on the 
(issues of human beings, monkeys, dogs, and cats : — 









Pensentageof 








Proteins in 
. Solids. 


Oerebral grey matter . 


88-6 


16-6 


61 








69-9 


30-1 


33 










20-2 


42 


Spinal cord as a whole 






71-6 


28 '4 




Cervical cord 






72 '6 


27-6 


31 


Dorsal cord . 






6B-8 


30 '2 


28 








72 ■« 


27-4 


33 


■ 






65 ■! 


34-9 


29 



The mo t impo..ant protein is micUo-protem ; there is also a certain 
amount of globulin, which, like the paramyosinogen of muscle, is coagulated 
by heat at the low temperature of 47° C. A certain amall amount of neuro- 
keratin (especially abundant in while matter) is included in the foregoing 
table with the proteins. The granules in nerve cells [Nissl's bodies) are 
nucleo -protein in nature. 

Heat Contraciion in Nerve. — A nerve, when heated, shortens ; this shorten- 
ing occurs in a series of steps, which, as in the case of muscle, take place at 
the coagulation temperatures of the prot«inB present. The first step in the 
shortening occurs in the frog at about 40°, in the mammal at about 47°, and 
in the bird at about 52° C. The nerve is killed at the same temperatures. 

Lipoids. — After the proteins, the next most abundant substances present 
axe the lipoids. A fuller consideration of these substances is'given in Lesson 
IV. (see pp. 37 to 40). They comprise :— ;; i 

1. Phosphatides; of these, lecithin is the best known ; >lkephalin and 

sphingomyelin are others. ,/j 

2. Oalacioaideg ; these are nitrogenous glucosides free from phosphorus ; 

they yield on hydrolysis the reducing sugar galactose. 
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3. C'koleiilerol ; a. crystalime monohydric alcaliol free From bath nitrogen and 

phosphorus. 
The following are some recent analj'aes of nerve by FaJk, the numbera 
given are percentages of the total solids : — 

UediilJ&tAd Hcm-miidDUat«d 

Cholesterol 25-0 47-0 

Lecithin 2-9 9-8 

Kephalin 12-4 23'7 

(Jalflctosides 18-2 fl-0 

Fresh nervous tissues are alkaline, but, like most other living atructures, 
they turn acid after death. The change is particularly rapid in grey matter. 
Tlie acidity is due to sarco-lactic acid. 

Finally, there are smaller quantities of other extractives and a small pro- 
portion ot mineral salts (about 1 per cent, of the solids). Potassium salts, aa 
in muscle, are stated to be the moat abundant salts. Macallum used tor the 
micro -chemical detection of potassium the following reagent :^Cobalt nitrite 
20 gr., Bodium nitrite 35 gr., glacial acetic acid 10 cc, water up to 100 c.c. 
This precipitates i» aitu the yellow hexanitrito of cobalt, sodium and potas- 
sium, which is turned black on the addition of ammonium sulphide. His 
principal results are : PotaBsium is found In oell protoplasm, but more abim- 
dantly in intercellular material ; in striped muscle it is limited to the dark 
bands, and in pancreatic cella to the granular zone. It is not discoverable in 
any nuclei, nor in nerve cells, but in nerve-fibres it is found in patches external 
to the axis cylinder. Macdonald points oat that these are spots which have 
been injmred, and it is apparently oidy on injury that the potassium ia hberated 
in a form which renders it detectable by Macallum's reagent. Macdonald 
attributes many of the phenomena of nervous action to electrolytic changes 
in the potassium salts of the nerve-fibres, and which are present in lai^e 
amounts, possibly in combination with the colloid materials of the axon. 

Very little is known of the chemical changes nervous tissues undergo during 
activity. We know that oxygen is very essential, especially for the activity 
of grey matt«r ; cerebral anaemia is rapidly followed by loss of consciousness 
and death. Similar respiratory exchanges, though less in amount, occur in 
peripheral nerves. It can hardly be doubted that the lipoids, and especially 
the phosphatides, which are extremely labile substances, parlicipate in meta- 
boUsm. 

Cerebro-BiPiiiai Fluid. — This is secreted by the epithelium which covers 
the choroid plexuses (choroid gland), and plays the part of the lymph ot tho 
central nervous system. It is a very watery fluid, containing, besidea some 
inorganic salts similar to those ot the blood, a trace of protein matter (globulin) 
and a small amount of sugar. It contains no choUne or cholesterol normally. 

Chemistty of Nerve Degeneiatioa.— In Wallerian degeneration of nerve, 
several investigators have attempted to discover how the degenerated nerve 
differs from a healthy nerve. Little or no change in the peripheral end can 
be detected up to about three days after a nerve has been divided, and the 
nerve-fibres remain excitable up to that time. They then show a progresaive 
'n the quantity of water, and a corresponding decrease in the pro- 
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portion of Bolids. The percentage of phosphorus also deoreasefl, and it 
entirely disappears in a little more than three weeks after the nerve is out. 
When regeneration ocours, the nervee return approximately to their previous 
composition. 

It has also been shown that in spinal oords in which a unilateral degenera- 
tion of the pyramidal tract has been produced by a lesion in the opposite 
cerebral hemisphere, there is a similar increase of water and diminution of 
phosphorus on the degenerated aide. Further, in a divided nerve Noll has 
shown that the phosphorised material also diminishes somewhat in the central 
end, due to " disuse atrophy." 

This disappearance of phosphorus must be due to the break-up of phos- 
phatides, and the liberation of phosphoric acid, wiiich is carried away as 
phosphates by the lymph and blood. 

The staining reactions of a degenerated nerve also indicate that the appear- 
ances are not only due to a breakdown in an anatomical sense, but in a chemical 
sense also. Of these staining reactions the one most often employed is that 
which is associated with the name of Marchi. This is the black stiuning whloh 
the medullary sheaths of degenerated nervo-fibres show when after being 
hardened in Miiller's fluid they are treated with Marchi's reagent, a mixture of 
Miiller's fluid, and osmio acid. Healthy nerve-fibres are not blackened by this 
reagent, because the more rapidly penetratii^ chromic acid of the Miiller's 
fluid has already supplied the unsaturated oleic acid radical in the lecithin and 
other phosphatides with all the oxygen they can take up. But when the nerve 
is degenerated, the oleic acid is either increased in amount, or so liberated from 
its previous combination in the lecithin molecule, that it is then able also to 
take osygen from osmic acid and reduce it to a lower black oxide. In the later 
stages of degeneration the Marehi reaction is not obtained, because the fat 
globules have then been absorbed. 

In certain diseases of the central nervous S3'8tem, such aa General Paralysis 
of the insane, degeneration occurs on a large scale, and the products of the 
chemical disintegration of the cerebral tissue have been sought for in the blood, 
but with more profitable results in the cerebro-spinal fluid. This fluid under 
those circumstances shows an excess of protein which is mainly nucleo-prot«in ; 
cholesterol can also be usually detected in the fluid, and so also can choline 
or similar bases which originate from the decomposition of phosphatides. 
Although many physiologists have taken up the choline question and the 
methods for identifying this base, it must be admitted that the tests hitherto 
devised are not absolutely conclusive, for sufficient of tbe base cannot be 
collected for a complete analysis. The base which is present if not choline is 
a nearly related substance, perhaps a derivative of choline, and according to 
the latest view the questionable material is trimethylaniine, which we have 
already seen is a cleavage product of choline. 

The tests employed to detect choline are mainly three : — (1) The fluid is 
diluted with about five times its volume of absolute alcohol and the precipitated 
protdns are filtered off. The filtrate is evaporated to dryness at 40° C, and 
the residue dissolved in absolute alcohol and filtered ; the filtrate from this is 
agun evaporated to dryness, and again dissolved in absolute alcohol, and this 
should be again repeated. To the final alcoholic solution, an alcoholic solu- 
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tionof platinum chloride ia fidded, and the precipitate bo formed is allowed to 
settle and is washed with absolute alcohol by deoantation ; the precipitates is 
then dissolved in 15 pcr-cent. alcohol, filtered, and the filtrate ia allowed to 
slowly eyapmrate in a watch-glafls at 40° C. The eryatals can then be seen with 
the microscope. They are recognised not only by their 3'bIIow ooloiu' and 
octahedral form, and by their solubility in water and 15 per-cent. alcohol, but 
also by the fact that on incineration they yield 31 per cent, of platinum and 
give off the odour of trimethylamine. There ia a danger of mistaking such 
crystals for those obtained from the chlorides of pot-assinm and ammonium ; 
but the presence of such contaminations may be minimised by the use of 
alcohol aa water-fn^e aa possible. The crystals ot choline platinum chloride 
are doubly retracting, whereas the platinum chlorides of ammonium and 
potaasiura are not. (2) The following test is distinctive of choline and 
leads to no risk of confusion with other substances. The final alcoholic 
solution prepared as above is evaporated to dryness, and the residue taken up 
with water, to this is added a strong solution of iodine (2 grammes of iodine 
and 6 grammes of potassium iodide in 100 c.c. of water). In a few minutes 
dark-brown prisms of choline periodide are formed. These look very like 
hip min crystals. If the shde is allowed to stand bo that the liquid gradually 
evaporates, the cr^tals slonly disapiJear, and their place is taken by brown 
oily droplets, but if a fresh drop ot the iodine solution ia added the crystals 
slowly form once more. (3) A physiological t«st, namely, the lowering of 
arterial blood -pressure (partly cardiac in origin, and partly due to dilatation 
ot peripheral vessels) which a saline solution of the residue of the alcoholic 
extract produces : this tall is abolished, or even replaced by a rise of arterial 
pressure, if the animal has been atropinisod. Such tests have already been 
shown to be ot diagnostic value in the distinction between organic and so-oalled 
functional diaea«s of the nervous system. 



LESSON XXII 

THE URINE 

TOTAL NITROGEN, USEA, AND AMMONIA 

Ejeldahl's Method of EstimatinK Total Nitrogen.— This simple method 
can be used in connection with most substances of physiological importance. 
Briefly, it consiNts in converting all the nitrogen present into ammonium 
sulphate by ineans of sulphmic actd ; then rendering alkaline with soda, 
and distilling over the ammonia into standard acid, the diminution in acidity 
of wiiioh measures the amount ot ammonia present. 

The fallowing modification of the original method is used in this 
laboratory. 

About 1 gramme of the substance under investigation (or in the case of 
urine when one wishes to make an estimation of total nitrogen, 5 or 10 ce. 
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of that fluid) ia placed in e, round-bottomed Jena flask of about 260 o.c. oapaoity, 
and 20 o.o. of puie Bulphurio aoid ore added. Six grammes of potasmnm 
sulphate and about half a grKmme of copper sulphate aie also added. The 
flask should be provided with a loose balloon stopper, and arranged in a sloping 
direction over a small flame. The mixture is heated slowly until it boils. In 
about twenty minutes the fluid beoomes nearly oolourlesB ; boiling is continued 
for another forty-flve minutee. By this time all the nitrogen will be in com- 
bination as ammonia. 

After oooling, the fluid is washed into a Utie flask of Jena glass (fig. 54, A) and 
water added until the total volume of the fluid is about 400 c.c. Add then an 
excess of 40 per-cent. caustic soda solution, a few pieces of granulated zinc to 
avoid bumping in the subsequent distillation, and immediately fit the glass tube 
E into the neck of the flask by means of a well-fitting rubber stopper. The 
other end of B leads into the flask C which contains a moaaured amount (50 oi 
100 0.0.) of standud sulphuric acid ; ^-normal acid is a convenient streogth 
to uxe. The bulb D shown in the figure guards against regur^tation, and the 
end of the tube should dip just below the surface of the amd 
in C. The mixture in the flask is now boiled for about 
half an hour, when all the ammonia will have distilled 
over ; the use of a condenser around the tube B in 
unnecessary. The acidity of the standard acid is then 
determined fay titrating with standard alkali, a few drops 
of laemoid being added to act as the indicator of the end 
of the reaction. This gives a pink colour with aoid, bine 
with alkah. 

^^meSod-^ifitln'ing Exampk. — Suppose 1 gramme of a nitrogenous sub- 

appantus, stance is taken, and the ammonia distiited over into 

100 c.c. of ^-normal sulphuric acid. This is then titrated 
with a correapondii^ solution of sodium hydrate, and it is found that 
the neutral point is reached when 60 c.c. of the soda solution have been 
added. The other 40 ao. must therefore have been neutralised by the 
ammonia derived from the substanoe under investigation. This 40 c.c. of 
acid = Sc.c. of normal acid = S c.c. of normal ammonia= Sx 0017= 0-136 
gramme of ammonia. One gramme of the substance analysed, therefore, 
yields 0']36 gramme of ammonia, and this contains 0-112 gramme of nitrogen ; 
100 grammes will therefore contain 11-2 grammes of nitrc^n. If the strmgtb 
of the acid is that just recommended each c.c. corresponds to 0'0028 gramme 
of nitrogen. 

ESTIMATION OF AMMONIA IN UBINE 

In all the exact methods the ammonia is set free by alkali, and absorbed by 
standard acid. As boiling with strong alkalis splits off ammonia from Other 
urinary constituents, SeMossiTtg originally used lime-water as the alkali and 
allowed the ammonia to be absorbed by decinormal acid under a bell- jar. This 
method occupies three to four days for its completion, but may be carried out 
more rapidly by distilling oS the ammonia in vacuo (Wurster's, Nenoki'a, Mid 
other methods). Folin's method avoids these drawbacks by driving off the 
a by means of an air current. 
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1. Folin'a Uethod. — Twenty-five c.c. of uriiie are measured into a tall 
cylinder ; 1 gramme of anhydrous sodium carbonate and 10 c,c. kerosene oil (to 
prevent frothing) are added, and air is drawn through the apparatus for two 
hours. The air current is previously passed through acid in order to remove 
ammonia from it. The ammonia set free from the urine is carried away and 
absorbed in a specially designed absorption apparatus, which contains 20 o.o. 
of dec'iaormal sulphuric acid. After two hours the ammonia is estimated by 
titrating the contents of the ahsorjition vessel with decinormal alkali. The 
number of c.c. decinormal alkali subtracted from 20 gives the number of c.c. 
of decinormal acid neutralised by anunonia. 1 o.o. of decinormal aeid=0-001T 
gramme of ammonia. Even with this method at least two hours are necessary. 
In Folio's most recent method the time ia reduced to fi/leen minjrfe* by only 
taking 2 c.c. of urine, and estimating the ammonia colorimetrically by means 
of Nessler's reagent.^ 

2. The FomiaUll Hetbod. — This method is an adaptation to urine of 
Sorensen's method for the estimation of amino-acids (see p. 232). When 
neutral solutions of ammonium salts are treated with an excess of formaldehyde, 
the compound hexamethylene tetram.ine (nrotropine) is formed, and a corre- 
sponding amount of acid ia set free from the ammonium solt (4NH^C1 -I- GCH^O 
= Nj(CH2)g + eHjO + 4HCI), which can be titrat«I in the usual way. 

This method, when applied to urine, does not give exact results, because the 
small amounts of amino-acids present in the urine also enter into the reaction. 
It is, however, of value as a rapid clinical method tor the estimation of ammonia. 

Twenty-five c.c. of urine are measured into a flask ; 15 grammes finely 
powdered potassium. oxEdate ^ and a few drops of phenolphthalein solution (as 
an indicator) are added. Shake for a few minutes and titrate with decinormal 
alkali. (The number of c.c. required furnishes at the same time data for 
calculating the acidity of the urine.) Now add 10 c.c. of formalin' diluted 
with 10 c.c. water and neutralised with decinormal alkali (using phenolphthalein 
as an indicator). The pink colour disappears on mixing the urine and the 
formalin solution. Run in as much of the decinormal alkah 
to bring back the same tint as before. 



N 
1 C.C. iTrNaOH = O'OOIT grammes NHj. 



PREPARATION OP UREA FROM URINE 

Evaporate about 50 c.c. of urine to a small bulk and finally to complete 
dryness on the water-bath at boiling temperature. Turn out the flame and 
extract the residue with obout 10 c.c. of acetone. The diah may be 
on the water-bath, which will stiU be quit« hot enough to bofl the 
Pour off the hot acetone extract into a dry watch glass or evaporating boain. 

' NesaUr's reagent is an alkaliaB solution of meronvic iodide, wbicli pv 
characteristic jbIIdw enlonr with traces of ammonia. 

* PotasBJum oxalate is added to precipitate calcium salts, which interftre with 
the end point. 

* Formalin is a, commeroial name for a solution eooti 
of formal dehyde. 



[ieiwf4Ukry ^^^^^ 

complete ^U 

lame and ^H 

replaced ^M 

: acetone. ■ 

ng baain. ^H 

1, gi... . I 

rftre with ^M 

per cent. ^| 



254 ESSENTIALS OF CHEMICAL PHVSIOLOGr 

On cooling, urea orjnt^UaeB ont in silky needles. The Ekoetone quickly eva- 
porates Bpontaoeounly, and a crystalline moss of \uea is left. DisaolTe Bome 
of this in water ; place a drop of the aqueous solution on a slide, and allow it 
to cryBtallise i examine the crystals with the microscope. Place another 
drop on another slide, and add a drop of nitric acid ; examine microscopically 
the crystals of uiea nitrate which separate out. 

ESTIMATION OF UREA 

A great many methods have been proposed for the purpose of urea estima- 
tion, which all had to be modified repeatedly, and it reibaina still to be seen if 
the methods now in use stand the test of further investigation. All the methods 
are indirect, i.e. the urea is decomposed in some way, and the quantity of one 
of the decomposition products is estimated. According to the nature of this 
decomposition the methods may be divided into two main groups : — 

1. MethodBwhiGharebawdontlieDecoiiipositioaof'O'ieaintoIfitrogeii, 
Caibonio Acid, and Water.~The hypobromite method (see p. ISO) is a type 
of those methods, which have been abandoned for accurate work owing to the 
fact that ( 1 ) even pure urea solutions yield variable amounts of nitrogen, and 
(2) other urinary constituents (ammonia, uric acid, oreatinine, allantoin, etc) 
also yield nitrogen under the conditions of the experiment. 

2. Metbodg which are based on the DecompoBitioa of Urea into 
Ammonia and CarhoniO Add. — This decomposition is brought about by 
heating with either phosphoric or hydrochloric acid, or with salts tike 
magnesium chloride, lithium chloride, and hydrochloric acid, potassium acetate 
and acetic acid, potassium bisulphate and zinc sulphate. As the urine 
contains preformed ammonia, this has te be estimated previously. 

Of the methods now in use that of Benedict and Folin seem to be the 
most satisfactory. 

(a) Be'wdki's Method. — In this method the urine is heated with potas- 
sium bisulphate and zinc sulphate to 165° C. for one hour. The fluid is 
diluted, made alkaline, and the ammonia distilled ofi as in Kjeldahl's method. 
Five o.c. of urine are introduced into a rather wide Jena test-tube, and about 
3 grammes of potassium bisulphate and 1-2 grammes zinc sulphate are added. 
A bit of parafQn and a little powdered pumice are introduced to prevent 
frothing and the mixture boiled practically to dryness, either over a free 
flame or in a sulphuric acid bath kept at about 130° C. The tube is then 
immersed into a sulphuric acid bath maintained at 162° and left there for one 
hour. The contents aro transferred with distilled water into a distilling 
apparatus, made alkaline with sodium carbonate and distilled as described 
under Kjeldahl's method. When the distillation is completed, the standard 
acid in the receiver should be boiled to remove CO^ before titration. 

N 
1 cc, -3-HjSO, = 0-0028 grammes N = 0'006 grammes urea. 

(6) FoUn's Method. — In this method only a very small quantity of urine 
la used (1 c.c. of the t«n times diluted urine, containing from 0'75-l-6 milli- 
grammes of urea nitrogen). The decomposition into ammonia and COg is 
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ESTIMATION OF URIC ACID 

brought about by beating with potaBBimn acetate and acetic acid t/i 155° C 

for ten niinutee.' Caustic alkali ia added and the ammonia is aspirated into t- 

aoid. Ah the quantity of ammonia is too email to be titrated uccmutely, it ia 
estimated oolorimetrioally, as described previously (see Ammonia estimation, 



LESSON XXIII 

THE UBINE {contimed) 

UKIC ACID Aim CREATININE 



Preparation of Pure Uric Acid. — This may best be done by taiing the 
aolid urine uf a bird or » snake (whiuh oonaiats principally of the atiid 
ammonium urate) ; one ha»< not theo to separate any pigment. 

The material is boiled with 10 per-cent. caustic soda or ammonia, diluted, 
and then allowed to stand. The clear fluid is decanted and poured into a large 
excess of water to which 10 per cent, of hydrochloric acid has been added ; the 
crystals of uric acid which form are filtered olT after standing twenty-four hours. 
These may be purified by washii^. re-solution in soda, and re -precipitation 



I by acid. 

^^^teetod 



ESTIMATION OF URIC ACID 



human urine, the normal amount of uric acid (in the form of urates) 
day varies from 0-4 to 0-8 gramme. If the daily volume of 
taken as 1500 c.c, the perceiitage of uric acid will therefore be from 
0-026 to 0-052. 

The FoliU-Shafler Method.— Hopkins's method referred to in the tort 
(p. 199) is now generally replaced by the modilioation of it introduced by 
Folin and Shaffer. The chief alteration introduced is the substitutioD of 
ammonium sulphate for ammonium chloride as a precipitant. This is first 
added in an acid solution ; this precipitates a mucoid from the urine which 
interferes with the suttsequent titration i the urine is then rendered alkaline, 
and the uric acid comes down as ammonium urate. The Folia-Shaffer 
reagent also contains uranium acetate ; this precipitates the phosphates, 
and thus facilitates filtration and removal of the mucoid. 

ATialyns. — To 200 c.c. of urine add 50 c.c. of the Folin-Shaffer reagent 
(500 grammes ammonium sulphate, 5 grammes uranium acetate, 60 c.c. of 
10 per-ceot. acetic acid in 650 c.o. of water ; the volume of the solution is 
then almost exactly 1 Utro). Allow the misture to stand for some minutes 
and then filter through a double dry filter into a dry flask. Measure 125 c.c. 

I A tanipBrature inditatDr is nsed in this prOceaH, which COnaiats of a sealed tabs 
ooutainiug iiowdired ohluride-iodide of meroury, a salt whiclj, is bright red aud melts 
to a uleAi' dark red fluid uC 15&° C. The sealed tube is heaUd tugeth«r with the 
uritie and the potssaiaro acetate mixture. 
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of the filtrate (oorreBpoitdiiig to 100 o.o. urine} iat<i a beaker, and odd 5 c.c. oE 
conoentrated ajmnonia ; allow thie to stand ior twenty-four houre. Decant 
the fluid from the precipitate through a Bmall filter ; wash the precipitate on 
to the filter with 10 per-oent. solution of ammonium sulphate, and repeat 
the washing twice more to remove the chlorides. Binse the precipitate back 
into the beaker with ahnost 100 c.c. of hot water ; cool, and then add 15 o.c. 
of concentrated sulphuric acid, and titrate at once without cooling with ■j'j 
normal potasEium permanganate solution (1'681 gramme potassiiun perman- 
ganate to 1 litre of water) until a permanent rose colour is obtained. The 
number of c.c. of the permanganate solution used from the btuette, multiplied 
by 3;75, gives the quantity of uric acid in miUigi'ammeB per 100 c.c. of urine. 
Three milligrammea should be added to the result to allow for the solubility 
of ammonium urate in the reagents used. 

Folln's and Haoallnm'B Colorimetric Hetbod.— In this method the blue 
colour which is produced by the action of phosphotungstic acid on uric acid is 
made use ol for the quantitative estimation of the latter by comparing it in 
a colorimeter with a standard solution of uric acid similarly treated. Since 
the colour reaction is very deficate, ottly a very small volume of mine is 
required for analysis. The method is only appficable to normal urines. For 
pathological urines (diaberic, albuminous) a modified method has been 
worked out by Folin and Denis. With some modifications it can also be 
applied for the estimation of uric acid in blood. 

From 2 to 6 c.c of urine (depending on the specific gravity), say 3 c.c, are 
measured into a 100 c.c. beaker, and after adding a drop of saturated oxalic 
acid solution the whole is evaporated to dryness on the water-bath. To 
the dry, cool residue are added 10-15 c.c. of a misture of 2 parts of dry 
ether and 1 part of methyl alcohol After standing for a few minutes, the 
solution is decanted and the residue extracted once more in the same way. By 
these means certain substances (polyphenols) are removed, which also give a 
blue colour with phosphotungstic acid. (For ordinary class work 90 per cent. 
alcohol can be substituted for the ether-alcohol mixture, although the slight 
solubility of uric acid in it introduces a small touroe of error.) 

To the washed residue in the bottom of the beaker is next added water 
(5-10 c.c.) and a drop of saturated sodium carbonate solution, and the mixture 
is shaken so as to secure complete solution. Add 2 c.c. of the phosphotungstic 
acid solution,^ and 20 c.c. of a saturated solution of sodium carbonate. The 
resulting blue solution is transferred to a 100-c.c. measuring flask, diluted with 
water up to the mark, and poured into one of the tubes of the colorimeter 
(see nest page). The second tube is filled with the standard solution for com- 
parison, which is obt^ned by treating 1 milligramme of uric acid in 04 per-cent. 
lithium carbonate solution with phosphotungstic acid in exactly the same 
proportions.* 

' The solution is prepared by boiling 100 grammee of sodium tungBtate with 
80 c.c. of 85 percent, phosphono acid and 750 c.o. of water for a couple of hours 
and theo diluting tc 1 litre. 

^ Thia standard solution must be freshly prepared, and in order tc araid this 
inconvenience, Folin and Denis have more recently introduced a uric acid Tormalde- 
hyde solution which keeps. One gramme of uric acid in a litre Susk is dissolved in 
200 C.C. of a 0'4 per-cent. solutiDn of lithium carbonate. To this 40 c.c. of 40 per 
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Oalcuiatuin.— Set the standard at a depth of x ram. Eqnohty of tint ia 
obtained, wb^n the depth of the unknown solution is y. Therefore 3 cc. of 

urine originally token for analysis cont<dn — miUigrammea uric acid, and 



ESTIUATION OF CBEATININE 

The following colorimetric method (Folin's) is now generally employed for 
the estimation of creatinine ; and with a slight modification it may also 
be used for the estimation of creatine. It is based on the red colour 
which has been shown by Jaff^ to develop when an alkaline solution of 
picric acid ie added to a, solution of creatinine ; this is compared with the 
colour of a standard solution of potassium bichromate, the tint of the two 
fluids being almost identical. If creatine has to be estimated, this is first 
transformed into creatinine by boiling with hydrochloric acid. The apparatus 
and reagents necessary are :— 

1. A coloriniet«r consisting of two tubes, the height of the column in 
which can be read by graduations in tenths of a millimetre. 

2. A half-normal solution of potassium bichromate (24'5 grammes per 
litre). 

3. A saturated solution of picric acid. 
i. 10 per-cent. caustic soda. 

To perform the analysis one tube of the colorimeter is filled with the bi- 
chromate solution up to the height of 8 mm. 10 cc. of urine are measured 
into a i-litre flask, 15 cc. ot the picric acid solution and 5 cc. of the caustic 
soda solution added ; after standii^ five minutes water is added until the total 
volume ot the mixture is 500 cc. This solution is poured into the second tube 
of the colorimeter to such a height {which is read ofi) that, on looking down 
through it the intensity of the colour is the same as that in the standard tube 
by its side. Folin found that a layer 8 mm. deep of the standard solution 
has the same colour as a layer 8-1 mm. deep ot a solution prepared from 10 
milligrammes of pure creatinine, picric acid, and caustic soda. The calculation 
for X, the number of milligrammes of creatinine in the urine, is therefore 

8-1 
x= 10 X — , where y is the millimetre depth of the unknown solution which 

matches 8 mm. of the standard bichromat« solution. 

cent, formaldeliyde are added, aud the mixture shaken and allowed to stand for a 
few minutes. It is then acidified with 20 c.c. of normal acetic acid, and the whole 
diluted with water to 1 litre. Next day it is standardised asainst a freshly pre- 
pared lithium carbonate solution of uric acid. The colour produced by 5 cc. of^the 
solution corresponds very nearly with the colour obtained from 1 milligramme of uric 
acid. The colorimetric reading obtained for the solution when thus compared 
against 1 milligramme of pure uric acid is, of course, thereafter to be used as the 
standard value con'esponding to 1 milligramme uf uric acid. 
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LESSON XXIV 

THE URINE {continued) 
THE mOBaANIO SALTS 

The principal inorganic salts in urine are chlorides, sulphates, and phos- 
phates. 

The chlorides consist chiefly of those of sodium and potassium, the latter 
being present in quite small quantities. The amount of sodium chloride in 
human urine is 10-16 gramme per diem ; taking the total volume of the daily 
urine at 1500 o.c., this corresponds to 0'6 to 1 per cent. 

The phosphoric acid in the urine is combined with sodium, potassium, 
calcium, and magnesium. The total PjO^ in the twenty-four hours ia about 
3'5 grammes, or 0-24 per cent. In addition to the inorganic phosphates, there 
are small amounts of organic compounds of phosphorua, such as glycero- 
phosphates. The following exercises therefore contain one for the estdmation 
of total phosphorus. 

The sulphates in the urine are of two kinds : the inorganic sulphates, 
namely, those of sodium and potassium, and the ethereal sulphates (see p. 193). 
In human urine about 2 grammes of total sulphuric acid are passed per dirm, 
or 0"l3 per cent. 

Although the major portion of the sulphur in the urine is present as sulphate, 
there is in addition a small quantity combined in organic compounds. It is 
therefore necessary to add an exercise for the estimation of total sulphur. 

ESTIUATION OF OHLOBIDES 

Vottonfa method adopted for the determination of the total chlorides 
oondsts in their precipitation by excess of a standard solution of silver nitrate 
in the presence of nitric acid. The excess of silver is then estimated in an 
aliquot part of the filtrate with a solution of potassium or ammonium thio- 
cyanate, which has been previously standardised against the silver solution, a 
ferric salt being used as indicator. 

The followii^ solutions are necessary :— 

i. A standard solution of silver nitrate of such a strei^h that 1 c.c. corre- 
sponds to 0-01 gramme of sodium chloride (29-076 grammes of fused silver 
nitrate in a litre of distilled water). 

ii. Solution of potaasium thiocyanato (8 grammes to the litre). 

iii. Pure nitric acid free from chlorides. 

iv. A saturated solution of iron alum. 

The potassium thiocyanate solution is first standardised in the following 

Place 10 c.c. of the silver solution in a beaker, add 5 c.c. of the nitric acid, 
5 CO. of the solution of iron alum, and 80 c,c. of water. Run into thia from a 
burette the thiocyanate solution until a permanent red tinge is obtained. 
Note the number of c.c. necessary for this purpose, and call this number x. 

Analysis.— 'Place 10 o.c. of the urine in a 100-c.e. measuring flask with a 
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pipette ; add about 4 c.c.^of pure nitrio acid, and 20 o.o. of the Btandard 
solution of Bilrer nitrate. Fill up the flask to the lOO-o.o. mark with distilled 
water, mix thoroughly, aod filter through a dry filter-paper into a dry vessel. 

Measure out 50 o.c. (that is exactly half) of the filtrate, add 5 c.c. of the 
iron alum solution, and titrate with the thiocyanate solution until a permanent 
red colour is ohtained. Call the number of c.c. so used a. This must be 
doubled to represent what the total fluid (100 c.c.) would have required. 

In the previous standardisation of the thiocyanate solution we found that 
X 0.0. of the thiocyanate solution is equivalent to 10 c,c. of the silver solution ; 

therefore 2a c.c. are equivalent to of the silver solution, and this 

represents the amount of silver solution not used in precipitating the chlorides. 

Therefore 20 is the number of c.c of the silver nitrate solution 

utilised in the precipitation of the chlorides. 

Ten 'c.c. of urine (the amount taken for analysis) therefore contains the 
20a 
amount of chlorides which require 20 o.c. of the standard tdlver nitrate 

for their precipitation, and as each c.c. of the standard solution is equivalent 
to 0-01 gramme of sodium chloride, the total chlorides in the 10 c.c. of urine 

(expressed as sodium chloride) is ( 20 jx0'0I = O2 grammes. If 

2a 
one multipKea this by 10, we obtain 2 grammes, which is the amount per 

100 c.c. of urine. If the total urine passed in the day is 1600 o.e., we have 
further to multiply this by 15 to obtain the amount excreted in the twenty- 
four hours. 

ESTIMATION OF PHOSPHATES 

(a) Eslimaiion of the total phosphales. 

For this purpose the following reagents are necessary : — 

i. A standard solution of uranium nitrate. The uranium nitrate solution 
contains 35-5 grammes in a litre of water ; 1 c.c. corresponds te 0-005 gramme 
of phosphoric acid (P^O^). 

ii. Acid solution of sodium acetate. Dissolve 100 grammes of sodium 
acetate in 900 o.c. of water ; add hi this 100 c.c. of glacial acetic acid, 

iii. Solution of potassium ferrocyanide. 

Method. — Take 50 c,c, of urine. Add 5 c.o. of the acid solution of sodium 
acetate.' Heat the mixture to 80" C. 

Run into it while hot the standard uranium nitrate solution from a burette 
nntil a drop of the mixture gives a distinct brown colour with a drop of potas- 
sium ferrocyanide placed on a porcelain slab. Read off the quantity of solution 
used and calculate therefrom the percentage amount of phosphoric acid in the 

. ' In using uranium nitrate it is imperative that sodium acetate should accompany 
the latratioD in order to avoid the possible occurrence of free uitric acid in ths 
solution. If uranium acetate is used, it may be omitted. 
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Anutber indicfttor whioh may be used is cochineni tincture, a few drops of 
which may be added tu tbe mixture. A ohunge of culour from red to green is 
the sign of the end of the reAotion. 

{b) Entimatioti of ike phonpkoric acid eombimd with ealciwn and magnenum 
(alk Aline earths). 

Tnke 200 ij.c. of urine. Render it alkaline with ammonia. Lay the 
mixture aside for twelve houre. Collect the precipitated earthy phoaphates 
on n filter; wash with dilute ammonia (1 in 3). Wash the precipitate off 
the filter with water acidified by a few droiw of acetic acid. DisHilve with tbe 
aid of heat, adding a little more acetiu acid if netssaary. Add 5 c.c. of tbe 
aoid solution of Modium acetate. Bring the volume uj) to 50 o.c, and estimute 
bhe phosphate)) in this volumetric«lly by the standard uranium nitrate da 
before. Subtract the phosphoric acid combined with the alkaline earths thus 
obtained from the totnX quantity of phosphoric acid, and tbe difference is the 
amount of aoid comliini«d with (he alkaline metals, sodium and potassium. 

ESTIMATION OF TOTAL PHOSPHORUS 
The phuBphoruH of tbe urine is ntainly present in the form iif inorgoniu 
p)ii)iii|ihaU!» ; but there are in addition certain organic compounds of phos- 
phorus Buoh as glycero -phosphates. In order to estimate the total phosphorus, 
the following method is tbe best to employ.. 

KMiituition o/ total phogphoras by Neumann's method : — 

This method is now in general use for the estimation of pbospboi 






Hubstances, on account of the ease with which tbe destruction of ths , 



organic matter is carried out. The solution obtained after tbe iirst stage of tiia 9 
prunes serven equally well for the estimation of iron, calcium, i 
widium. and potassium. An estimation of bydrocblorio acid may be c 
uut by a slight modification of the method. 

Prineiplf of the Method. — The organic matter ia oxidised with a mixtnrs oj 
enui^ parts of nitric and sulphuric acids. The phosphoric acid bo formnd ■ 
then precipitated as ammonium phospbomolybdate, and this precipitatoi 
after washing it free from acid. Is dissolved in excess of holf-nunnal alka~ 
and titrated with half-normal acid. The ditference multiplied by OS53 ^ve 
the amount of phosphorua in miliigrammes. If multiplied by 1-268, tba 
result is expressed in terms of milligrammes of PjOg. 

jlnaf^gi*.— Measure B c.c. of the urine into a Kjeldahl flask, and twldfl 
20 c.c. of the acid mixture (equal parts of nitric and sulphuric acids), 
in a fume cupboard over a, small flame until the evolution of brown fui 
ceases. Allow to cool, and add a small quantity of fuming nitric acid ; 1 
stroi^ly until a clear solution is obtained. After cooling add 100 c 
distilled water, heat on the watcr-batb, and add 100 c.c. of a molybdio a 
solution. '^ The yellow precipitate of ammonium phosphomolybdate i 

' The eolntion ia prepared aa followa : a aoluticn of 76 grammBa of ammonin 
molybdat*, in 500 c.c. of water, is poured into 500 e.c. nitric acid (250 c.e. of ool. 
centrat«d nitric acid and 250 c.c. of water), aud I litre of ammonium nitrate aolntiMi 
(500 grammsB diHHolvsd in 1 litre of diatilled water) ia added to the mix 
Various formulm for the making uf this mixture are given, but the above ii 
one u»ed in thin laboratory. 
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filtered and rapidly washed free from acid,^ transferred into a flaHk, and a 
meagured qoantitj of half-normal sodium hydrate added until a colourleaa 
fluid results. A slight excess (5 to 6 c.c) of the half-normal sodium hydrate is 
added, and the solution bailed for about fifteen minutes, until all the ammonia 
has been removed. After cooling and adding a few drops of phenol phthalein 
as an indicator, the pink solution is titrated with half-normal sulphuric acid 
until it is colourless. If a = the c.c. of the sodium hydrate solution actually 
taken, and 6 = the e.c. of the sodium hydrate solution left when the reaction 
is over (= the o.c. of half-normal acid added), tlien x~a — h, x being the 
number of o.c. of sodium hydrate used up in the reaction -pith tho phospho- 
molybdate. Further, x X 0'533 = milligrammes of phosphorus present ; and 
X X 1-268 = PjOg. 

ESTIMATION OF SULPHATES 

(a) Ealimnlioii of fnliil (iiior^nik and ethereal) K-ilphntfn (Folin's modliica- 

Twenty-five c.c. of urine and 20 c.c. of dOute hydrochloric acid (f part of 
hydrochloric acid to 4 parts of water hy volume) are gently boiled in a flask, 
covered with a small wateh-giass, for twenty to thirty minuteH. Tbis effects 
the splitting of the ethereal sulphates and the liberation of sulphuric acid. 
The flask is cooled tor two or three minutes in running water, and the contents 
are diluted with cold water to about 150 c.c. To this cold solution is then 
added 10 c.c. of a 5 per-c«>nt. solution of barium chloride without any shaking 
or stirring during the addition. The barium chloride should be added drop by 
drop, preferably hy rnenns of an automatio dropper. At the end of an hour 
or later the mixture ia shaken up and filtered through a weighed Gooch crucible 
(a porcelain crucible with a perforated bottom containing a layer of asbestos). 
The precipitate is washed with water, ignited, and weighed. The increase in 
weight is the amount of barium sulphate obtained. 

(6) Bstiniation ijf inorganic gulphale (ITohn's modification) : — 

About 100 e.c. of water, 10 c.c. of. the dilute hydrochloric acid, and 25 c.c. 
of urine are measured into a flask. Ten c.c. of a 5 per-cent. solution of barium 
chloride are added as described above, and the filtration, washing, and weighing 
carried out as before. 

(c) Tlie ethereal sulphates are represented by the difference between the 
total and the inorganic sulphates. They may, however, also be estimated 
directly by the following method : — 12-5 c.c. of urine are diluted with TS c.c. of 
water and 30 c.c. of the dilute hydrochloric acid. The solution ia precipitated in 

' It is eBHeotdal that the Hltratiuti and wushing abound be etTscted rapidly. In 
NBumsuii's original method of filtering through iilter-iiB))er Biiverul slight modi- 
ftoatiuna have been introduced by different authors. In this lalioratory the 
following mt-thod is used, which allows the tiltration and wsahiDg to be earned 
out within iive minutes : Filtsr-pulp is prepared by Bhaking np 30 grammas of a 
purs filtering pafw with 1 litre of water and 50 o.o. of coucentratBd hydro- 
ohloric acid. The pulp is iiltei'ed under pressure, well washed with boiling water 
and then kept, suspended in 2 litres of water, ready for use. About 30 to 40 o.o. 
of filter-pa[>er pulparepnQred intn a fuonel containmg a small perforated poresliln 
filter-plate, and the liltrstioQ and wasiiing of the molybdate precipitate is carried 
out by the help nf the Sltar-puoip. 
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the cold by the addition of SO o.o. of 5 per-cent. solution of barium ohloiide 
AS before, and the mixture is filtered, after one hour's standing, through a 
dry filter. Inorganic aulphates are thus letnoved. Half of the filtrate (that is 
126 CO.) is then quietly boiled for less than thirty minutes. By this means 
sulphuric acid is liberated from the ethereal sulphates, and this is precipitated 
by the barium chloride present as barium sulphate, which is collected, washed, 
ignited, and weighed as before. Double the total thus obt^uned will give in 
terms of barium sulphate the amount of ethereal sulphate present in the 
125 c.c. of urine originally taken, and from this the percentage and amount 
passed in the twenty-four hours can be calculated. 

CaleukUion..^22Z parts o£ barium sulphate correspond to 80 parts of SOj, 
or 32 parts of S. To calculate the SO^, multiply the weight of barium sulphate 
by 5*5"^=0-343 ; to calculate the 8, multiply it by 5''/^=0-137. Example ; 
100 CO. of urine gave 0-5 gramme of total barium sulphate ; this multiplied by 
0-343=0-171 of total SOg. Another 100 c.c. of the same urine gave 0-46 
gramme of barium sulphate from inorganic sulphates ; this multiplied by 
0'343=0-154 of SOg in inorganic combination. If this is subtracted from the 
total SOg (0-171—0-154) we see that 0-017 gramme of SOg was in combination 
as ethereal sulphate, or about one-tenth of the total, which is the average pro- 
portion in normal urine. 

ESTIMATION OF TOTAL BTTLFHUB 
Benedict's Method (Wolf and Oest«rberg's modification). — In this method 
the organic matter is destroyed by boiling the substance with fuming nitric 
aeid, and the oxidation of sulpbnr to sulphuric acid is completed by heat' 
ii^ with copper nitrate and potassium chlorate. In the solution finally 
obtained, sulphuric acid is estimated gravimetrically as barium sulphate. 

ATtalysia. — 3kasure 10 o.c. of urine into a Kjeldahl fiask of 300 c.c. capacity ; 
add 20 v.c. fuming nitric acid and heat over a small fiame. Continue to boil 
until the fluid is free from solid particles. Transfer the solution to a porcelain 
dish and add 20 c.c. of Benedict's solution (200 grammes copper nitrate, and 
60 grammes potassium chlorate dissolved in 1 litre of water). Evaporate 
to dryness on a sand-bath ; then heat over the ^free flame until the lesidue is 
blackened by the formation of copper oxide. Raise the flame and heat to 
redness for ten minutes. After cooling add 25 c.c. of 10 per-cent. hydro- 
chloric acid and dissolve the black residue by warming gently. The solution 
is washed into a flask with about 160 c.c of water, and the sulphuric aeid 
estimated by means of barium chloride in the way described above (a). The 
filtrate from the barium sulphate precipitate may be used for the estimation 
of phosphorus by Neumann's method. 
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LESSON XXV 

THE URINE (contimud) 

TEE PIQMENTS ' 

The urinary pigments are numerous, and have from time to time been 
described under different names by various observers. 

1. UnxdlTOme.— Tliie is the essential yellow pigment of the urine. The 
word was originally introduced by Thudichum, whose investigations have 
in the main been confirmed and supplemented by the recent work of Dom- 
browski. 

Preparation of Vrochrome (Dombrowaki). — After removal of sulphatea, 
phosphates, and urates by a mixture of barium and aalcium aoetates and 
ammonia (86 grammes of calcium acetate, 63 grammes of barium acetate, 
and 43 c.c. of 21 per-cent. ammonia to 10 htres of urine), the filtered uriiM 
is neutralised with acetic acid, and urochrome is precipitated by adding 
copper acetate. The greenish precipitate is filtered off, well washed, and then 
suspended in water, and the copper is removed by sulphuretted hydrogen at 
50° C. Baryta water is added to the liltrate, and excess of barium removed 
by a stream of carbon dioxide ; the bariiun salt is then concentrated in vacuo 
and precipitated by alcohol. The precipitate is dissolved in water and freed 
from chlorine by silver nitrate. The soluble silver salt so formed is pre- 
cipitated by alcohol and ether, washed free from silver nitrate, dried, emd 
analysed. The free urochrome can be obtained by removing the ulver with 
sulphuretted hydrogen ; it is amorphous and easily soluble in 90 pei-cent. 
alcohol, in which it keeps well. 

Eatimaliott. — The copper salt obtained as above is dissolved in ammonia, 
and the purine bases precipitated with ammoniacal silver solution. Nitrogen 
is estiniated in the copper and silver precipitates ; the difference gives the 
nitrogen of urochrome. Urochrome contains 11 ■ 1 per cent, of nitrogen. 

It shows no absorption bands, but cuts ofl the violet part of the speotrum 
which urobilin allows to pass. It does not fluoresce with zinc salts as urobilin 
does. It yields a pyrrol derivative which Is not identical with hsBmopyrrol, 
and BO probably urochrome is not related to urobilin. It contains 5 per cent. 
of sulphur, moat of which is easily split off as sulphide by cold alkaU. Cystane- 
Bulphur is not present. It is an acid, and reddens litmus. It is probably 
derived from protein. 

2. Urobilin, — -Urobilin is a derivative of the blood pigment, and is 
identical with slercobilin {see pp. 124, 1S2). Probably both reduction and 
hydration occur in its formation. It is very like the substance named hydro- 
bilirubin by Maly, which he obtained by the action of sodium amalgam on 
bilirubin. The following formul* show the relationship between these allied 
pigments ;^ 

Hffimatin CJjt^^ or se^OfiN^Fe 

Bilirubin CggHsgNjOg 

Hydrobilirubin ...... (^^jN^O, 



Digilizcd by Google 



264 ESSENTIALS OF CHEMICAL PHYSIOLOGY 

Normal urine conttuns but little urobilin ; what is present ia chiefl; in 
the form of a colourlees chromogen, which by oxidation ia converted into 
urobilin. In numerous pathol<^cal conditions urobilin is abundant. 

The following are the two methods introduced by Garrod and Hopkins 
for its separation from the urine : — 

(a) The urine is first saturated with ammonium chloride, and the urate so 
precipitated is filtered o£F. The filtrate is then acidified with sulphuric acid 
and saturated with ammonium sulphate. This causes a precipitate of urobilin, 
which may be collected and dissolved in water. The aqueous solution is 
again snturated with ammonium sulphate, and the pigment is thus pre- 
cipitated in a state of purity, 

(&) The urates are first removed, then the urino is acidified and saturated 
with ammonium sulphate as before. The urobilin is then extracted from tlie 
miicture by shaldi^ it with a mixture of chloroform and ether (1 : 2) in a 
large separating funnel. The ether-chloroform extract is then rendered 
faintly alkaline and shaken with distilled water, and the urobilin passes into 
solution in the water. The aqueous solution is now once more saturated with 
ammonium sulphate and slightly acidified ; it then once more yields its pig- 
ment to ether-chloroform. 

By means of either of these methods urobilin is obtained in a pure con- 
dition ; even normal urine will give some, for the chromogen is partly con- 
verted into the pigment by the acid employed. 

Urobilin dissolved in alcohol exhibits a green fluorescence, which is greatly 
increased by the addition of zinc chloride and ammonia. It shows a well- 
marked absorption band between b and F, slightly overlapping the latter 
(fig. 55, spectrum 4). 

Urobilin, hke most animal pigments, shows acidic tendencies and forms 
compounds with bases : it is liberated from such combinations by the addition 
of an acid. 

If urobilin ia dissolved in caustic potash or soda, and sufficient sulphuric 
or hydrochloric acid is added to render the liquid faintly acid, a turbidity ia 
produced. This turbid hquid shows an additional band in the region of the 
E line (fig. 55, spectrum 6), which is probably due to the special Ught absorption 
exercised by fine particles of urobihn in suspension. It wholly disappears 
when the precipitate is filtered off, and when it is redissolved the ordinaiy 
band alone is visible. 

3. Uroerytlirill. — This is the colourit^ matter of pink urate sediments. 
It may be separated from the sediment as follows :^The deposit is washed 
with ice-cold water, dried, and placed in absolute alcohol. The alcohol, 
though a solvent for uroerythrin, does not extract it from the urates. The 
alcohol is poured off, and the deposit dissolved in warm water. Prom this 
solution the ])igment is easily extracted by amylic alcohol. 

Uroerythrin has a great affinity for urates, with which it appears to form 
a loose compound. It« solutions are rapidly decolorised by light. Spectro- 
acopically it shows two rather ill-defined bands (fig. .Vi, spectrum 7). It 
gives a green colour with caustic potash, and red or pink with mineral acids. 
Uroerylhrin appears to ho a small but constant constituent of urine. Its 
origin and relationship to the other pigments are unknown. 
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4. HGematoporphyrm. — This also oecutb in small quantities in normal 
urine. In some jjathological conditions, especially after the administration 
of certain drugs {e.g. sulphonal), its amount is increased. Its amount is 
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Btated to increase when the urino stands ; this points to the existence ot a 
poiooriess chromogen. It may be reparated from the urine aa follows ; — 
Caustic alkali is added to the urine : this causes a precipitate of phoHphates, 
which oarries down the pigment with it i the pigment may be dissolved ont 
with chloroform. The chloroform is evaporated, the residue washed with 
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aJoohol, ami finally dissolved in acidified alcohol. Urines rich in the pigmenj 
jield it easily to acetic ether or to amylic aJoohol. 

When the imne is snfficiently rich in the pigment, the bands shown U|t 
those of allialine ha^matoporphyrin (fig, 55, spectrum 2), On adding euJphnr 
aoid, the spectrum of aoid hiematoporphyrin ia seen (fig. 55, speotriun I}u 
OocasioniLlly urate sediments are pigmented with a form of the pigment n 
ahowa a two-banded apectruni, very like that of oiyhsemoglobin (flg, 
spectrom 3) ; by treatment with dilute mineral aoida this changea inuaediate^ 
to the spectrum of acid hsematoporphyrin. 

5. ChlOtnogens in Urine. — In. addition to the chromogens of urobilin ai 
htematoporphyrin alluded to in the foregoing paragraphs there are otheia, oi 
which the following may he mentioned ; — (a) JndoxyL — The origin of thSi 
substance from indole is mentioned on p. 193. It is easily oxidised to indigO' 
blue or indigo -red. 

[Indoityl] [lEfligo-blBo] 

Indigo-red is Isomeric with indigo-blue. It is very rare for the urine to b 
actually pigmented with indigo, for the urinary indosyl ia eicti 
jugated sulphate which resists oxidation. When the urine ia mixed with n 
equal volume of hydrochloric acid, indoxyl is liberated from the sulphate, 
solution of a hypochlorite is then added drop by drop, when indigo-blue i| 
formed, and on shaking the mixture with chloroform the indigo-bluo p 
into the chloroform (JaffS). This test, however, is not a very good one, f 
the hypochlorite solution has always to be freshly prepared, and even then 
small excess will cause the colour to disappear owing to oxidation of the indigq 
and it is difficult to hit off the exact amount to give the reaction. I ' " ~ 
test for indoxyl-sulphmic acid (indiean) consists in adding 10 c.o. of a 
cent, solution of lead acetate to 50 c.c. of urine, and filtering the i 
The filtrate is shaken with an equal volume of hydrochloric acid (ooi 
0-2 to 0-4 per cent, of ferric chloride) and a few c.c. of chloroform. 
indigo-blue passes into the chloroform (Obermayer). (6) 8kntoxi/L— 
akatoxyl is given by the muuth it passes into the urine, and yields el 
red on oxidation, (c) Uroronein is distinct from indigo-rod. It is prodnoH 
from ita chromogen by the ootio» of mineral acids. According to I" 
indole acetic acid ia its chromogen. It frequently appears when urine ■ 
tieated with strong hydrochloric acid and allowed to stand, but it a 
more readily when an oxidL'^ing agent ia added as well. It is readily solabt 
in amylie alcohol, but not in ether. The colour is destroyed by alkalis. 
ahowa an absorption hand between the D and E lines (fig. 55, spectrum 8), 

6. Fatbologioal Pigments. — The moat frequently appearing of a~ 
pigments are those of blood and bile. The urine may contain accidental p 
ments due to the use of drugs {rhubarb, senna, logwood, santonin) ; in ot 
acid poisoning pyrocatechin and hydrochinoa are chiefly responsible for ti 
greenish -brown colour of the urine, which increases on exposure to the ol 
The black or dark-brown pigment called melanin may pass into the U 
cases of melanotic sarcunia. For olcaptonuria, see p. 214. 




APPENDIX 



HiEMACYTOMETERS 

QowetS'B HeBmaCytoiuetet. — The cauuieration of the blouci corpuscles is 
readily effecteti by the hieniacytoineter of Gmvers. This justxxunent consiBts 
of a glass sKde (fig. 56, t'), the centre of which is nilcd into yb nulKnietre 
HquMBs and aurroimded by a gjufis rim J millimetre thick. It is provided 
with niensni'iiig jiipellea {A ami B), a, vef^aei (D) for mixing the blood with a 







saline solution (Biilphnte of soda of specific gravity lOlJi), a gItt.S8 stirrer (E), 
and a guarded needle (F). 

Nine hundred and ninety-five cubic luilliinetres of the saUne Bolution are 
measured out by means of A, and then placed in the mixing jar ; 5 cubic 
millimetres of blood are then drawn from a puncture in the finger by means 
of the pipette B, and blown into the'solution. The two fluids are well mixed 
by the stirrer, and a smal] drop of this diluted mixture placed In the centre 
267 
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of the slide C ; a cover slip ia gently laid on (ao as to touch the drop, which 
thus forms a layer \ millimetre thick between the slide ftnd cover slip), and 
pressed down by two brauB springs. In a few minutes the corpuscles have 
sunk to the bottom of the layer of fluid, and rest on the squares. The number 



on ten squareH is then counted, and this multiplied by 10,000 gives the number 
in El cubic millimetre of blood. The average number of red corpuscles in each 
square ought therefore in normal human blood to be 45-.50. 

Differentia! counts to show the relative proportions of the varieties of 
leucocytes are made in appropriately stained S[>ecimen8. 

Thoma-Zeiss H»macrtometer.- This instrnmeut 
consists of a glass slide («) seen in section in fig. 67. In 
the centre of the sUde is a disc of glass m, the upper surface . 
of which is ruled into squares each of which is -^^ of a 
square millimetre In area. This is surrounded by a ring of 
glass (e) which is of such a height as to project -^^f of a 
milUmetre above m. A drop of diluted blood is placed in 
the cell so formed, and covered with a cover slip. The 
volume of blood between any particular square and the 
cover slip is therefore ^gVo *■' " cubic millimetre. Accom- 
panying the instrument are two capillary pipettes, one 
of which is shown in the accompanying drawing (iig. 58). 
The finger or ear is pricked, and blood is drawn up in the 
capillary tube to the line marked 1 (or if twice the dilu- 
tion is regarded as advisable, to the Une marked 0-5) ; a 
suitable saUne solution is drawn up then to the mark 101 ; 
the blood and diluting solution are then well mixed, the 
glass l)ead in the bulb aiding the mixing, and a drop of 
the mixture transferred to the slide ruled in squares. 
The corpuscles are allowed to settle, and those on 20 or 
more squares are then counted, and the average per square 
multiplied by 400,000 gives the number of red corpuscles 
per cubic millimetre of undiluted blood. The number of 
red corpuscles per square in normal blood is about 12. 
The second pipette provided is like the one just 
*'Tiiom'tSiu"hffi- described, but is rather larger, and is similarly employed 
matjtonieiet. for counting the leucocytes. In some cases a micrometer 

sUde ruled in larger squares is provided for this purpose. 
The value of the squares in terms of those provided for the counting of the red 
corpuscles is known, and so the proportion of coloured and colourless corpuscles 
can be ascertained. It is, however, preferable to count both kinds of cor. 
pusclea in the same specimen, to repeat both counts with another specimen, 
and take the average result. This can be performed quite readily if the saline 
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solution iised for dilution 
following solution ; — 
Methylene blue 
Sodium cblorido 
Potaaijium oxalate 
Distilled water . 
For diflerential 
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dye. Sherrington reconunenda the 
10 gramme 



W 
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of dyes is necessary. 




Oliver's Hfetnacytometer. — The following method, devised by De George 
Oliver, ia a ready way of determining the total number of oorpusolea. It ia. 
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however, not poBtable to determine the relative proportion of red and v 
corpuscles by thix meana. 

The finger is pricked, and the blood allowed to flow into the small capillary 
pipette (fig. 59, a) until it is lull. This is washed out by the dropping tube 6 
into a graduated flattened test-tube. c. with Hayem's fluid. ^ The graduations 
of the tube are so adjusted that with normal blood containing 5,000,000 
ooloured corpuecles per cubic millimetre, the light of a small was candle placed 
at a distance of 9 feet from the eye in a dark room is just tranajnitted as a fine 
bright line when looked at through the tube held edgeways between the Kngeis 
((/) and filled up to the 100 mark of the graduntion. If the number of oor- 
puscles is less thati normal, leaa of the dilutJng Bolution is required for the 




light to he transmitted ; if above the normal, more of the Hayem'a fluid must 
be added. The tube is graduated, bo as to indicate in percentages the decrease 
or increase of corpuscles per cubic millimetre aa compared with the nonnnl 
standard of 100 per cent, 

HiEMO&LOBINOMETERS 
Ctowers's Heemoglobinometer.— The apparatus consists of two gks« 
tubes, C and D, of the same size. D contains glycerin jelly tinted with earmice 
to a standard colour — viz, that of normal blood diluted 100 times with distilled 
water. The finger is pricked and 20 cubic milhmetres of blood are meaauted 
out by the capillary pipette B. This is blown out into the tube C, tmd dilated 
with distilled water, added drop by drop from the pipette stopp^ rf tlw 
iMttle A, untU the tint of the diluted blood reaches the standard colour. Hw 
tube C is graduated into 100 part<s. If the tint of the diluted blood is the mnw 
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as thu standard when the tube is lilied up to the graduation 100, the quantity 
of DSyh.'emDglobia in the biood ia normoL If It hSs'i tu be diluted more largely 
the OKy haemoglobin ie in excess ; if to a smallei extent, it is tees tlian normal. 
If the blood bos, for instance, to be diluted up to the gniduation 50, the amount 
of hiemoglobin is only half what it ought to be— 50 per cent. o( the normal — 
and so for other percentages. 

Haldane's Htemc^lobuiometeE is more frequently used Instead of tinted 
gelatin, the standard of comparison is a, sealed tube filled with a solution of 
carbonic oxide hu^moglobin of known strength. This keeps unchanged for 
years. A stream of coal gas is passed through the blood to be eKamined, 
Thin converts all the baimuglobin present into oarbaxyhEeinoglobiii ; this ia 
then diluted with wat«r to match the standard. 




Vcm Fleischl's HEemometer. — The apiiaratus (tig. 61) cunsiste of a stand 
bearing a white reflecting aurfuce (S) and a platform. Under the platform is 
a slot carrying a glass wedge stained red (K) and moved by a wheel (B). On 
the platform ia a small cylinibioftl vessel divided vertically into two compart- 
ments, a and a'. 

Fill with a pipette the compartment a' over the wedge with distilled water. 
Fill about a quarter of the other compartment (a) with water. 

Prick the finger and fill the abort capillary pipette provided with the 
instrument with blood. Dissolve this in the water in compartment a, and fill 
it up with distilled water. Having arranged the reHectov (S) to tlirow nrtificial 
light vertically through both compartments, look down tlirongh them, and 
move the wedge of glass by the milled head (T) until the colour in the two is 
identical. Read oH the scale, which is bo constructed as to give the pereentage 
of hnmoglohin. 
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obtained by pricking the finger. This is washed with WBt«r by the mixing 
pipette d into the bluud cell e ; the cell is then just filliid with wati^r, and the 
blood and water thoroughly mised by the handle of c being used as a stirrer. 
The cover glass is then adjusted, when a small bubble should (orm, a clear 
sign that the cell lias not been overfilied. The cell is then jilaced by the aide 
of the staudard gradations, and the eye quickly recognises its approximate 
poHifJon on the scale. The camera tube provided with the instrument will 
more accurately define it. Artificial hght should be used. 

a it is proved that the blood solution is matched in depth of colour by 
one of the standard grades, the observation is at an end ; but if the tint is 
higher than one grade, but lower than another, the blood cell is placed opposite 
to the fomier, and riders (not lihown in the illustration) are added to com- 
plete the observation. The standard gradations are marked in percentages, 
100 per cent, being taken aa normal. 

Specific QEavity of Blood. — Of thenumerous methods introduced for taking 
the specific gravity of fresh blood, that of Hammei'schlag is the simplest. A 
drop ot blood from the finger is placed in a misture of chloroform ttnd benzene. 
If the drop falls, add chloroform till it just begins to rise ; if the drop rises, 
add benzene till it just begin* to fall. The fluid will then be of the Hame specific 
gravity as the blood. Take the specific gravity of the mixture in the usual 
way with an accurate hydrometer. 

Schmalz's capillary pyenometer is more accurate. 

POLARISATION OF UOHT 

If an object, such as a black dot on a |iiece of while paper, i» looked at 
through a crystal of Iceland spar, two black dots will be seen ; and if the 
crystal is rotated, one black dot will move round the other, which remaina 
stationary. That is, each ray of light entering such a crystal is spht into two 
rays, which travel through the crystal with different velocities, and oonseiluently 
one is more refracted than the other. One ray travels juat as it would through 
glass ; this is the ordinary ray, the ray which gives the stationary image ; 
the other ray gives the movable image when the crystal is rotated ; the 
ordinary laws of refraction do not apply to it, and it is caUed the extraordiaanj 
ray. Both rays are of equal brilliancy. In one direction, however, that 
of the optic axis of the crystal, a ray of light is transmitted without double 



Ordinary light, according to the wave theory, is due to vibrations occurring 
in all planes transversely to the direction for the propagation of the wave. 
Light is said to be plane [lolarised when the vibrations take place all in one 
plane. The two rays produced by double refraction are both polarised, one 
in one plane, the other in a plane at right angles to this one. Doubly refract- 
ing bodies are called anisolropic ; singly refracting bodies, isotrojiic. The 
effect of polariBation may be very roughly illustrated by a model. 

II a string is stretched as in the figure, anil then touched with the finger. 
it can be made to vibrate, and the vibrations will be free to occur from above 
down, or from side to side, or in any intermediate position. If, however, a, 
disc with a vertical slit be placed on the course of the string, the vibrations 
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will all be obliged to take place in a vertical plane, any stde-to-aide n 
being stopped by the edges of the slit ' (tig. 03). 

Light can be polariaed not only by the action of crystals, but by reflection 
from a surface at an angle which varies for different substances (glas.^ 54° 35', 
water 52° 45', diamond 68°, quartz 57° 32', etc.). It is also found that certtun 
non-erystalline substonces, sach as muscle, cilia, etc., are doubly refracting. 

Mioors Prism is the polarizer usually employed in polariscopes ; it <xm- 
eists of a rhombohedron of loeltmd spar divided into two by a section throu^ 




its obtuse angles. The cut surfaces are polished and cemented together ta 
their former position with Canada balsam. By this means the ordinary ray 
is totally reflected throng the Canada balsam ; the extraordinary ray passes 
on and emerges in a direction parallel to the entering ray. In thia polarised 
ray there is nothing to render its peculiar condition visible to the naked eve ; 
but if the eye is aided by a second Xicol's prism, which is called thtTanalgier, 
it is passible to detect the fact that it is polarised. 




This may be again illustrated by referenda to our model (fig. 04). 

Suppose that the string is made to vibrate, and that the waves tnvel io 
the direction of the arrow. From the lixed point c to the disc o, the rtring 
is theoreticaUy free to vibrate in any plane ; * but after passing throo^ the 
vertical slit in a, the vibrations must all be vertical also ; if a second aimiht 
disc b be placed further on, the vibrations will also pass on freely to the otba 
extremity of the string </, if as in the figure (tig. 64) the slit in 6 is also pla 
verticaUj'. If, however, 6 is so placed that it^s sUt is horizontal (fig. Ba) the 
vibrations wiil be extinguished on reaching b. and the string betwent b and J 
will be motionless. 

' Suoh ■ model ia, of course, imperfect ; ii does not. fur instance, repment tlw 
spIittiDg of the tav into tvo. aod moreover :he polirisdtioa lakes place on tacb 
nde of the >lit ; whereas, in reg«rd lo lifihl, it :* only the t*;s on one side of a 
polariur, viz. thos« which have passed through ir. which aiv [wlariscd. 

* The imperfection of the m<)del has been explained in the preceding ftioaiotA. 
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c here represents a, source of light i the vibrations of the atrtug repreaent 
the undulations which by tlie Niool'a priana a are polarised bo as to occur in 
one plane only ; it the second Kicol's prism, or the ajialyser b is parallel to the 
first, the vibrations will pass on to the eye, which is represented by d ; but if 
the phutes of the two niooltt are at right angles, tite vibrations allowed to pass 
through the first are extinguished by the second, and bo no light reaoheH the eye. 
In intermediate positions, b will allow only Bome of the light to pass through 
it. It must be clearly understood that a Nicol'H prism contains no actual slits, 
but the arrangement of its molecules is such that their action on the partieles 
of ether may be compared to the aef ion of slits in a diaphragm to vibrations 
of more tangible materials than ether. 

Tbe Folatising HiorMOOpe consists of an ordinary microscope with certain 
additions ; below the stage is the polarising nicol ; in the eye-pieco is the 
analysing nicol ; the eye-piece is so arranged that it can be rotated ; thus the 
direotions of the two nicols can be made parallel, and then the field is bright ; 
or crossed, and then the field is dark. The stage of the microscope is arranged 
so that it can also be rotated. 




The polarising microscope is used to detect doubly refracting substances. 
Let the two nicols be crossed, 'so tliat the field is dark ; interpose between 
the two, that is, place upon the stage of the microscope a doubly refracting 
plate of which the principal plane is pomllol to the first prism or polariser ; 
the ray from the fiist prism is unaffected by the plate, but will be extinguished 
by the second ; the field therefore still remains dark. If the plate is parallel 
to the second nicol the field is also dark ; but in any intermediate position 
the light will he transmitted by the second nicol. in other words, if between 
two crossed nicols, which consequently give a dark field, a substance is inter- 
posed which in certain positions causes the darkness to give place to illnmina- 
tion, that su bstanoe is doubly refracting or anisotropic. 

All crystals except those of the regular system are anisotropic, whlkt 
amorphous sultstances are isotropic. 0. liohmann has, however, discovered 
on intermediate stage between anisotropic soUd crystals and their isotropic 
fused condition. In this state certain substances, such as oholesterin com- 
puunds, oleutes, etc, are anisotropic, but completely fluid. He called this 
the liquid crystalline state of matter (see also p. 39). 

Botatioa of the Plans of FolarisBtion.— Certain crystals such as those of 
quartz, and certain fluids such as the essence of turpentine, aniseed, etc, 
and solutions of certain substances such as sugar and albumin, have the power 
of rotating the plane of polarised Ught to the right or loft. The polarisation 
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of light that is produced by a quartz crystal is different from that produced 
by a rbombohedron of Iceland spar The light that passes throu^ the 
latter is plane polarised ; the light that passes through the former (quartz) 
is circularly polarised, i.e. the two sub-rays are made up of vibratiooa nhich 
occur not in a plane, but are curved. The two ra}^ are circularly polarised 
in opposit« directions, one describing circles to the left, the other to the right ; 
these unit-e on issuing from the quartz plate : and the net result is a plane 
polarised ray with the plane rotated to right or left according as the right 
circularly polarised ray or the left proceeded through the quartz with the 
greater velocity. There are two kinds of quartz, one which rotates the plane 
to the right (dextro-rotatory), the other to the left (lievo-rofatory). 

Gordon explains this by the following mechanical illustration. Ordinary 
light may be represented by a wheel travelling in the direction of its axle, 
and the vibrations com|K>sing it are executed along any or all of its spokes (a). 
If the vibrations all take place in the same direction, i.e. along one spoke, 
and the s|xike opposite to it (6), the light is said to be plane polarised. The 
two spokes as they travel along in the direction of the arrow will trace out 
a plane (see fig, 66) between 6 and b'. If this polarised beam ia made to 



travel now thn>ugh it solution of sugar, the net result is that the plane so 
tniiH'd out IH twisli'd iir roljited ; the two spokes, as in 66', do not trace out 
II |>litiii', liiif. ni' JiiUHt ('<)Tisi<ler that they rotate as they travel along, as though 
t[ui'li>i< by a spii'iil or sorcw thread cut on the axis, so that after a certain 
(llnriiiiiii (III' vibrHliuiiK take place as in 6" ; latter in b'", and so on. This 
I'lli'i'l. uii piiliiriNi'il light is due to the molecules in solution, and the amount 
iif nitiiLiiiii will de|)end on the strength of the solution, and on the length of 
tliK riihimu of the solution through which the light passes, or, in the case of 
it qiiiki't/, phile, on its thickness. 

If a |>late of quartz is interposed between two nicols, the Ught will not be 
iixtingiiishcd in any position of the prisms, but will pass through various 
colours as rotation is continued. The rotation produced for diSerent kinda 
of light being different, white light is split into its various constituent coloure : 
and the angle of rotation that causes each colour to disappear is constant tor 
a given thickness of quartz plate, being least for the red and greatest for the 
violet. These facts are made use of in the construction of polarising instm- 

FOLABIMETEBS 

Polari meters arc instruments for determining the strength of solutions of 
sugar, albumin, etc., by (he direction and amount of rotation they produo 
on the plane of jiolarised light. They are often called saccharimeters, u 
they arc spcciully useful in the estimation of sugar. 
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e following 13 tlie one most frequently employed at the preaent time : 
PlAnrent'S Polarimetei. — Instead of using daylight, or the Ught of a. lamp, 
mochromatic light (a sodium Dame produced by volatilisii^ common salt 
1 a colourless gne flame) is employed j the amount of rotation varies for 
different colours ; and ob^rvatton!) are usually recorded as having been taken 
with light corresponding to the D or sodium line of the spectrum. The easentiftls 
of the instrument are a polariscr, a (ubc tor the solution, and an analyser. The 
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t 

^^^TBBifiaea light heforn passing into the solution traverses a, quartx plate, which, 
however, covers only half the field, and retards the rays passing through it 
by half a wave-length. In the 0° poHitlon the two halves of the field appear 
equally illuminated : in any other position, or if rotation has been produced 
by the solution when the nicolB have been set at zero, the two halves appear 
unequally illuminatad. The amount of rotation produced by the solution 
is ascertained by rotating the analyser until the two halves of the field are 
onee more equally illuminated. This is measured in degrees by a scale and 
vernier attached to the instrument. 

The specific totatOTJ' power of uny substance is the amount of rotation in 
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degrees of a, circle of the plane of polarised light produced by 1 gramme of the 
Bubatanca dissolved in 1 o.o. of liquid examined in a column 1 decimetre Iwg. 

If a = rotation observed. 

ill = weight in grammes of the substance per cubic centimetre. 
' = lei^h of tube in decimetres. 

[a]o = specific rotation for light with wave-length correepondii^f to the 
D line (sodium flame). 

Tben[.]._±;J. 

In this formula + indicates that the subatanoe is dextro-rotatorj, — that it 
is Ifevo-rotatcry, 

If, on the other hand, [a]^ is known, and we wish to find the value of a, 

a X 100 

aj=r 1 -, J, and the peroent^e amount is p= jttj ,■ 

LaJi, X i L^Id X * 

If for example we find the rotation of a urine in a 2-deoiinetre tube =+2'12° 
and the [a]„ of glucose is 53°, then 

2'12 X 100 



that is, the urine contains 2 per cent, of glucose. 

RELATION BETWEEN dRCULAB POLARISATION AND 
CHEmiGAL CONSTmrriON 

The first work in this direction was performed by Pasteur, and it was hia 
pubUcations on this subject that brought him into prominence. He fonnd 
that racemie acid, which is optically inaetive, can be decom|)oBed into two 
isomerides, one of which is common tartaric acid which is dextro-rotatorf, 
and the other tartaric acid differing from the common variety id being l«vo. 
rotatory. The salts of tartaric acid usually exhibit hemihedral faces, while 
those of racemic acid are holohedral. Pasteur found that, although all tho 
tartrate crystals were hemihedral, the hemihedral faces were situated on sooie 
crystals to the right, and on others to the left hand of the observer, so that 
one formed, as it were, the reflected image of the other. Theae crystals were 
separated, purified by rccrystalUsation, and those which exhibited dexbo- 
hemihedry possessed dextro-rotatory power, while the others were hero- 
rotatory. Pasteur further showed that if the mould Peiiicilliutn glaveum 
is grown in a solution of racemic acid, dextru-tartaric acid first diaappaan, 
and the lievo-acid alone remains. The subject remained in this oonditioa 
(or many years ; it was, however, conjectured that probably there is some 
molecular condition corresponding to the naked-eye crystalline appearanoM 
which produces the opposite optical effects of various substances. What thia 
molecular structure is, was pointed out independently by two obsetvers— 
Le Bel in Paris, and Van't Hoff in Holland — who pubhshed their reseuchM 
within a few days of each other. They pointed out that all optically active 
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bodies contain one or more aaymmetric carbon atoms, i.e. one or moie atoms 
of CEabon conueoted with four dissimilar atoms or groups of atoms, as in the 
following examples ; — 



J 



-^ 



T 

OILj.OH . CILj— CO.OH 

[amyl Bloohol) [malta Mid] 

The question, however, remained — do all substances containing such 
atoms rotate the plane of polarised light 1 It was found that they do not ; 
this is explained by Le Bel by supposing that these, like racemic aoid, ore 
compounds of two molecules — one dextro-, the other Iffivo-rotatory ; that 
this was the case was demonstrated by growing moulds, the enzymic action 
of which is to separate the two molecules in question. Then the other ques- 
tion — how ia it that two isomerides, which in chemical charaoteristios, in 
graphic as well as empirical formulEe, are precisely alike, differ in optical 
properties t — is explained ingeniously by Van't HoS, He compares the 



Fro 6S. 

carbon atom to a tetrahedron with its four dissimilar groups. A, B, C, D, at 
the four domers. The two t«trahedra represented in fig. 08 appear at first 
sight precisely ahke ; but if one be suxierimposed on the other, C in one uid 
D in the other could never be made to coincide. This difference cannot be 
represented in any other graphic manner, and probably represents the differ- 
ence in the way the atoms are grouped in the molecule of right- and left-handed 
substances respectively. 

THE MERCURIAL AIB-FUUF (BABCROFTS HODIFICATIOM) 

The instrument consists essentially of the following partfi : — 1, a small bulb 
or tube for measuring the amount of blood to be analysed ; 2, a vacuous 
chamber. When the part of the apparatus from 2 to 4 (fig. 69) is rendered 
vacuous, tlie blood is emptied from 1 into 2, and is then kept continuously 
boiling by means of a water-bath (C) around its lower portion. A condenser 
(D) packed with ice surrounds the upper part. There is always a stream of 
aqueous vapour carrying the boiled-out gases to the top of the chamber; the 
vapour is condensed and returns to the blood as drops of water, while the gases 
are free to go into the vacuous pump. In doing so they pass through 3, the 
drying chamber, which contains sulphuric acid. So much of the gases as has 
eqianded into the pump (4) can then be expelled by lifting the mercury bottle 
(A), which is ooimected by strong rubber tubing to the glass tube F, In the 
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figure only the attachments ot the rubber tube are shown. The mercury is pre- 
vented by a, valve (V) from going bcickwards to the dyring chamber ; it expels 
the gases down the tube B into a eudiometer tube (E) in which they are 
collected for measurement and analysis. 
After boiling for a considerable time, 
a tew exhaustions with the pump are 
sufficient to deliver all the gases which 
have boiled off from the blood into the 
eudiometer tube. 

BARCKOFT'S DIFFERENTIAI. 
APPARATUS FOR ANALYSIS 
OF BLOOD GASES 

The difTerential method of blcod-gas 
analysis may be used for the measure- 
m-.nt either of the quantity of oxy^n 
which the blood gives oS when treated 
with ferricyanide of potassium (se:; p. 
164), or to measure the amount of 
oxygen which partially reduced blood 
will absorb. The blood for analysis is 
placed in one bottle ; a control fluid ia 
plac«d in the other, and as the two are 
subjected to the same changes of tem- 
perature, vapour pressure, ete., these 
facters are eliminated. 

The apparatus consists of two 
bottles of equal size connected with 
one another by means of a manometer 
filled with (love oil. The bottles should 
be of about 25 c.c. capacity. The 
stopper of tho bottle is proloi^ed into 
a small cup capable of holding p( - 
tassium ferricyanide. From the stopper 
a straight tube leads, the bore of which 
is not so small as te preclude its being 
cleaned with a pipe cleaner. At the 
junction of this tube with the mano- 
meter is a threeway tap. The student 
should make himself familiar with the 
mechanism of the tap ; it contains a f 
B boring ; usually there is a spot on the 
handle of the tap corresponding to the 
dependent limb of the T. 
The tap will be spoken of as open when the bottles and the manometer com- 
municate with the external air, and shut when the bottles communicate with 
the manometer. The whole is mounted on a stand furnished with a clip, by 
means of which it can hang on the side of a water.bath. The success of the 
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subsequent ftnalyses depends upon the cleanness ot the glass of the manometer 
when the oil is put into it. It should be chemically clean and dry. The utmost 
care must be taken that water does not get Into the manometer. 

The oil is best put in with a fine pipette. For this purpose the stopper on 
the left Bide is removed ; that on the right is turned so as to cut the manometer 
off from the external air and the air of the bottle. The oil ia introduced on the 
left side. The end of the pipette should penetrate as far as the bend in the 
tubing at the top of the stand. When as much oil as is judged necessary, or a 
Lttle more, has been put in, the tap on the right 
side is opened and the oil allowed to sink into 
the capillary portion of the manometer till the 
meniscus reaches the zero on the right side. ^11 
superfiuouB oil should then be removed from the 
top of the left tube with a little sponge mounted 
on a wire. The right tap may then be opened 
again, and the oil allowed to find its own level. 



Calibration < 



! Apparatus 



The volume of gas given off {or absorbed) in 
the apparatus bears a direct ratio to the differ- 
ence of pressure set up in the manometer. 
Supposing, then, that v is the volume ot gas 
given off, and p the difference of pressure. 

p=K + v. 

The calibration of the instrument consists 
in finding the value of the constant K. 

This is best done by liberating a known 
quantity of gas in the apparatus and observing 
the pressure produced ; ji and v are then known 

andK=.? 



The best way of evolving a known quantity 
of gas in the apparatus is to liberate oxygen 

from a titrated solution of puitj acidulated hydrogen peroxide by mixing 
potassium x>ermanganate with it. 

The solutions necessary are: (1) a decinormal solution of permanganate, 
(2) some " 20-volume " hydrogen peroxide, and (3) sulphuric acid. Tf the 
"20'Volume" hydrogen peroxide is of full strength, 5 c.e. of it may be ma*ie up 
to 1000 CO. (Ultimately 1 c.c. of the diluted peroxide should give off about 
0'2 c.c. of gas, but it must be borne in mind that only one-half this quantity 
comes from the penixide, the other half from the permanganate.) 
K^MuaOg + SHjSO^ = KjSOj + 2JlnS04 + SH^O + 50 
[316 gr.] 50 + 5HiOj = HHp + 50;, [HI litres] 
or 1 c.c. (000318 gr.) permanganate = 1-11 c.c. of oxygen. 
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Titrate 60 c.c. o( the dilute peroxide, mixed with excess of sulphuric add, 
with the permajiganate. About 8-10 c.c. of the permanganate should be 
required tor the titration if the peroxide is of suitable strength. If it proves 
to be too weak, as is often the case, a, fresh solution must be made up. 

Suppose 8*7 c.c. of K^Mn^Og are neceas.iry to reach the end-point (pint 
colonr) in the titration of 50 c.c ot acidulated H^Oa, then :^ 1 c.c. Jof HjOj = 
= 0'193 c.c, of osygen at normal temperature and presaure (N.T.P.) 

Suppose the baiometer to be 783 mm., the thermometer to be 15° C, the gas 
will be somewhat greater in volume than at N.T.P., and will be 



[0° C. is 273° above absolute zero, and 15° C. is therefore 288]. 

If then the gas when Uberated from the 1 c.c. of peroxide in the apparatnB 



Into each bottle put 1 cc. of the peroxide and 2 ac. ot — - Hnlphurie acid. 

Into the cup in the left stopper put 03 c.c. of potassium permanganate, and a 
little piece of filter-paper to cover the orifice. 

In the right cup put 0-3 c.c, of water and filter-paper. Put the bottles on 
the stoppers. 

[fie careful that the taps are always open luAen the bottles are beirtg put cm and 
tol™ off.) 

Hang the apparatus on the water- bath for five mimites, then shut the taps; 
read the level of the fluid on each side (suppose it to be 10-0 and lO-OS) ; if it 
remains constant for a minute or so, upset the permai^anate into the hydrogen 
peroxide and shake for one minute. At the end replace the apparatus on the 
bath, and after two minutes more read ^ain. The leveb may be 7-0 and 
13'05. Shake again for a minute and read two minutes later ; the levels may 
now be 6'9 and 13'15, at which they remain on subsequent shaking. 
The side with the permanganate has sunk 

from 10-0 to 6-9 = 3-1 cm. 

The other side has risen .... 13-15 to 10-05 = 3-1 cm, 

6-2 cm. 
Thenp= 6-2. i-= 0-202 

.-. K= -5 =0-306. 

The fluid in tlie bottle slioul<l be pink, with exceaS of permai^anate at the 
end. 

Another method of calibration is described by Hofimann (Journal ijf 
Pkysiohgi/, 1913, voL xlvii. p. 272). The following three exeraisee illustrate 
how the instrument may be employed in physiological work. 
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DBTEBMnjATlON OF THE OxYOISN CAPACITY OF BLOOD 

Into each bottle put 1 cc. of blood which has been thoroughly sfaaken 
with air (an ordinary 1-c.c. pipette delivers about 0-96 c.o. of blood) and 2 c.o. 
of ammonia solution (1 o.c. concentrated ammonia made up to 260 c.c. with 
distilled water). Shake so as to thoroTighly lake the blood. Put 0-3 c.c of 
terricyanide into the cup of one stopper, and, if necessary, a sUp of filter-paper. 
Grease the stoppers, and put on the bottles — hang the apparatus on the wator- 
bath and proceed as in the above example. Suppose the final difFerenoo 
of pressure to be 5'8 cm., the amount of gaa given oS will be : 

5-8 X 0-0306= 0-177 o.c. at 15° C. and 763 mm. barometric pressure. 
If this wore given ofi by 0-96 c.c. of blood, the oxygen capacity woold be 
obtained by correcting for temperature and pressure : — 

?:iZ?X^3 ™ = 0-176c.catN.T.P. 
0-96 288 760 

Deterhin'ation of Oxxqen in Uhsaturatbd Blood 
Place 2 c.c of the dilute ammonia in each bottle. Take 1 o.c of blood 
that is venous in colour ' in a pipett«, put the end of the pipette under the 
surface of the ammonia, and deliver the blood gently into the bottle so that 
it lies as a layer underneath the cleai solution of ammonia. Into the other 
bottle similarly deliver 1 c.c. of blood which has been thoroughly saturated 
with air. Put the bottles on to the stoppers, and with the taps open hang 
the apparatus on the bath. After five minutes close the taps, and if the 
zero remtuns constant, lead, and then shake the apparatus as above. The 
oil will, of course, rise on the side of the unsaturatod blood. The shaking 
should be carried out so as to dirty the cups as little as possible. 

Suppose the ultimate difference in level is 2-1 cm. Now, remove the bottle, 

which contains the fully oiygenat«d blood, put ferricyanide into the cup, 

replace the bottle, and determine the total oxygen capacity of the bbod in it. 

Suppose the final reading with ferricyanide to be as before, 5-3 cm., the 

student will now have at his disposal two determinations : (I) the percentage 

saturation, which is x 100 = 81 jier cent., and (2) the actual quantity 

of oxygen that was in 1 c.o. of the unsaturated blood, namely, 81 per cent, 
of the total oxygen capacity, 0-189 X ,^gr= 0-153 c.c. 

Standardisation of the Gowbrs-Haujanb Ujoioolobinohbtbb 
A Gowers-Haldane hxmoglobinometer should indicate 100 when the oxygen 
capacity is : 

1 cc. of blood = 0-185 c.c. oxygen at N.T.P. 
To t«st this it is only necessary to measure the oxygen capacity of the blood 
with the differential apparatus (it is best to use ox or sheep's blood) and at 
the same time to determine the oxygen capacity of the same blood with the 
heemc^Iobinometer. 

* On no account should stale blood to u^ed. 
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The cheaper forms of Gowers'a htemoglobinometer when old wiU be found 
often to differ very much from the theoretical value : it is therefore desirable 
that they should be tested. 

HALDANE'S APPARAIV8 FOB GAS ANALYSIS 

The apparatus conaisls of an accurately graduated gas-bui«tte A, pro- 
vided with a threeway tap at the top. This is surrounded by a water jacket. 
It is connected by rubber tubing with the leveUing tube B, and this and the 
burette contain mercury. When the levelling tube is raised, A is tilled with 
mercury ; when it is lowered the mercury falls in A, and the air to be analysed 
then ia allowed to enter it by one {x) of the connections at the top. 
The other connections of the tap connect the burette with absorption pipettes, 
into which the air can be driven by raising B. The absorption pipette E is 
filled with 20 per-cent. caustic potash, and ia connected with a movable 
reservoir, S, by bla^^k rubber tubing. The absorption pipette F is filled with 
an alkaline solution of pyrogaUic acid (10 gr. of pyrogalUc acid to the 100 
c.c. of saturated caustic potash). This is introduced through the tube K. 
G and H are partly filled with strong potash solution, which protects the 
pyrogallate solution from the air. THe pressure in the burette is adjusted 
by usii^ the potash pipette as a pressure gauge and bringing the potash before 
every reading of the burette to the mark M, 

In order to make the readings of the burette independent of changes in 
temperature, barometric pressure, and percentage of moisture during the 
analysis, a control tube N stands beside the burette in the water jacket ; 
the threeway tap at P makes it possible to equahse the pressure in N with 
that of the atmosphere ; by means of the T-tube O the potash solution is 
brought into connection with N, and the potash is adjusted M the mark R 
by raising or lowering S, P being open to the air. P is then turned, so that 
the control tube N is connected with the potash tube only, and ia not again 
opened until the analysis is complete. Ea«h time a reading of the burette 
is mode, the potash is brought to the mark B by raising or lowering S. The 
potash in the absorption pipette is then brought to the mark M by adjustjng 
the levelling tube B. In this way variations of temperature and pressure 
are compensated for by mechanical meana. The lower part of the control 
tube N is kept full of water ; and the gas-burette must have ite inner surface 
wet ; the water used for moistening the inner surface of the burette should 
be slightly acidulated with sulphuric a^^id. The acidified water ia introduced 
through the free limb of any tap, excess being expelled by raisii^ the levelling 
tube B. By this meana, the air in the burette and in the control tube is 
always kept saturated with moisture. 

In the complete apparatus, a combustion pipette is added also (to 
estimate carbon monoxide, methane, ete.), but in air analyses, where one has 
only to deal with oxygen, nitrogen, and carbonic acid, this is not necessary.^ 

In such an analyais the apparatus must first be filled with nitrogen ; if 
the apparatus is used for a succession of analyses, a supply of nitrogen is 

' For full details see Methods af Air Jnatyais, by J. S. Haldane. 
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left at 'the end of each. If~not, the air in the apparatus ahoold be freed from 
oxygen and carbonic acid by passing it into the pyrogallate and potash pipettes 
respectively. The next step is to bring the pyrogallate and potash to the 
marks D, B, and M. The tap closing the control tube N is then closed. The 
sample of the air to be analysed is then introduced into the burette by lower- 
ing the levelling tube ; and the tap is turoed so as to connect the burette 
with the potash pipette. The opening of the tap will probably slightly dis- 
turb the level M, at which the potash previously stood, and the potash level 
at R may also shift a little. The potash level is exactly adjusted to R by 
rwsing or lowering S ; and the exact levelUng to the mark M is adjusted 




by raising or lowering B. The burett« is then read to give the total volume 
of air introduced into the apparatus. The air is then driven into the potash 
pipette by raising B ; it is then brought back again by depressing B, and this 
is repeated until, on measurii^ the gas, there is no further diminution 
in volume ; probably half a dozen times will be sufficient ; the readii^ must 
always be taken when the potash levels are at M and R. The diminution 
of volume gives the amount of carbonic acid. The burette is then con- 
nected with the pyrogallate pipett«, and the air driven over into it several 
times in the same way ; some oxygen, however, will still be left in the con- 
nection between M and the tap, so this connection is washed out by passing 
the gas into the potash pipette and back, and then into the pyrogallate 
pipette twice. Finally, the levels at 1>, R, and M are adjusted, and the 
reading indicates the volume of oxygen absorbed. 
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SOLUTIONS— DIFFUSTOM— DIALYSIS— 08H0SIS 

The investigations of physical chemists during recent years have given tu 
new conceptions of the meaning of the words that stand at the head of tiiia 
section. I propose to state what these conceptions are, and briefly to indi- 
cate the bearing they have on the elucidation of physiological probtema. 

SolntiODB. — Water is the fluid in which soluble materials are usoally 
dissolved, and at oidinary temperatures it is a fluid, the molecnlee of which 
ai« in constant movement ; the hotter the water the more active are the 
movements of its molecules, until, when at last it is converted into steam, ibs 
molecular movements become much more energetia Perfectly pure wat«r 
consists of molecules with the formula HjO, and these molecoleB nndetgo 
practically no dissociation int« their constituent atoms, and it is for tUe 
reason that pure water is not a conductor of electricity. 

If a substance such as sugar is dissolved in the water, the solution still 
remains incapable of conducting an electrical currents The sugar molecuke 
in solution are still sugar molecules ; they do not undergo dissociation. 

But if a substance such as salt is dissolved in the water, the solution is then 
capable of conducting electrical currents, and the same is true for most adds, 
bases, and salts. These substances do undergo dissociation, and the simpler 
materials into which they are broken up in the water are called ima. Thna 
if sodium chloride is dissolved in water, a certain numbec of its moleoulea 
tteoome dissociated into sodium ions, which ere chioged with poatiTe 
electricity, and chlorine ions, which are charged with n^ative elect ri c ity . 
Similarly a solution of hydrochloric acid in water contains free hydrogen iotie 
and free chlorine ions. Sulphuric acid is decomposed into hydrogen ions aod 
ions of SOj, The term ion is thus not equivalent to atom, for an ion may be 
a group of atoms, like SO^, in the example just given. 

Further, in the case of hydrochloric acid, the negative charge of the ohlorine 
ion is equal to the positive charge of the hydrogen ion ; but in the caae of the 
sulphuric acid, the negative charge of the SO^ ion is equal to the positive 
charge of two hydrogen ions. We can thus apeak of monovalent, divalent, 
tiivalent, etc. , iona. 

Ions charged with positive electricity are called kal-ions because they 
move towards the kathode or negative pole ; those which are chsiged with 
negative electricity are called an-iong because they move towards the anode 
or jwsitive pole. The following are some examples of each class : — 

Kst-itma. Monovalent ; H, Na, K, NH|, etc. 

Divalent : Ca, Ea, Fe (in ferrous salts), etc 
Trivalent : Al, Bi. Sb, Fe (in ferric salts), etc, 

An-ions. Monovalent ; CI, Br, I. OH, NOj. etc. 
Divalent : S, Se, SO4. etc. 

Roughly speaking, the greater the dilution the more nearly complete is 
the dissociation, and in a very dilute solution of such a substance as sodium 
chloride we may consider that the number of ions is douhle the number Of 
molecules of the salt present. 

The ions hberated by the act of dissociation are, as we have seen, chaj^sd 
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with electrioitj, and when aji electrical ourrent^is led into such a. solution it 
iB canduoted through the Bolution by the movement of the lone. Substanoea 
which exhibit the property of dissociaUon are known as electrolytes. 

The conception of electrolytes, which we owe to Arrhenius, is estremely 
impoittuit in view of the question of osmotic preasure which we flhall be 
considering immediately ; because the act of disEociatioii increases the number 
of particles moving la the solution and bo increases the osmotic pressure, for 
in this relation the ion plays the same part as a moleeule. 

The hquids of the body contain electrolytes in solution, ajid it is owing to 
this fact that they are abie to conduct electrical currents. 

Another phyuological aspect of the subject ie seen in a etudy of the action 
of mineral aatte in eolution on living organisms and parts of organisms. Many 
years ago Binger showed that contractile tissues (heart, cilia, ete.) continue 
to manifest their activity in certain saline solutions. Indeed, as Howell puts 
it, the cause of such rhythmical action is the presence of these inoi^nic 
substances in the blood or lymph which usually bathes them. In the case of 
the heart, the sinus, or venous end of the heart, is pecuharly susceptible to the 
stimulus of the inorganic sails, and the rhythmical peristaltic waves so started 
travel thence over the rest of the heart muscle. 

Loeb and his fellow workers have oontirmed these Etatements, but inter- 
pret them now as ionic action. CoutrsctJe tiasuea will not contract in pure 
solutions of non-electrolytes (such as sugar, urea, albumin). But different 
contraotile tissues differ in the nature of the ions which are most favourable 
stimuli. Thus cardiac muscle, cilia, amraboid movement, karyokinesis, cell 
division are all alike in requiring a proper adjustment of ions in their sur- 
roundings if they are to continue to act, but the proportions must be difleient 
in individual coses. 

In the case of the heart, sodium ions are the most potent in maintaining 
the osmotic conditions that lead to irritability and contractility ; but a, solution 
of pure sodium chloride finally throws the heart into a condition of relaxation : 
hence it is necessary to mix with it small amounts of calcium ions to restrain 
this eSect ; potassium chloride, the third salt in Ringer's orLocke's fluids, also 
favours relaxation during diastole. Calcium is the chief ion which produces 
contraction, and by itself produces intense tonie contraction (calcium rigor). 

Loeb at one time considered that the process of fertilisation was mainly 
ionic action, but his later expeiiments on artificial parthenogenesis have 
shown that the first change produced by his reagents on the egg-cells of sea 
urchins and aipiilar animals is the separation of a mem brane from their surface ; 
this is caused by fatty acids, saponin and other hiemolytio agents : this 
superficial cglolyaia stimulates the egg to commence cleavage, but that process 
soon ceases ; if, however, oxidation is brought about by immersing the egg 
in hypertonic sea-water for a abort time, cleavage continues and well-formed 
larVEB are produced. The spermatozoon has apparently a similar double 
action ; it produces membrane formation possibly by a fatty acid it carries, 
and then, having penetrated the membrane, seta up oxidation changes by 
nieans of oxidases. In addition to this, cei'tain changes may he produced by 
other enzymes in the spermalozoon. 

Granune-moleoular Solutions. —From the point of view of osmotic 
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pressure a convenient unit is the gramme' molecule. A gramme -molecule of 
ftny substance is the quantity in grammes of that subalance equal to its mole- 
cular weight. A gramme-molecular solution is one which contains a gramme- 
molecule of the substance per litre. Thus a gramme -molecular solution of 
sodium chloride is one which contains 58-46 grammes of wdium chloride f Na = 
23'000 ; CI = 35-46) in a litre. A gram me -molecular solution of glucose 
(CgHjgOg) is one which contains 180 grammes of glucose in a litre. A gramme- 
molecule of hydrogen (Hj) is 2 grammes* by weight of hydrogen, and if this 
were compressed to the volume of a litre it would be comparable to a gramme- 
molecular solution. It therefore follows that a litre containing 2 grammes of 
hydrogen contains the same number of molecules of hydrogen in it as a litre 
of a solution containing 58-46 grammes of sodium chloride, or one containing 
180 grammes of glucose has in it of salt or sugar molecules respectively. To 
put it another way, the heavier the weight of a molecule of any substance the 
more of that substance must be dissolved in the htre to obtain its gramme- 
molecular solution. Or still another way: if solutions of various substances 
are made all of the same strength per cent., the solutions of the materials 
of small molecular weight will contain more molecules of those materials than 
the solutions of the materials which have heavy molecules. We shall see 
that the calculation of osmotic pressure depends on these facts. 

Difltuion, Dialysis, Osmosis.— If two gases are brought together within a 
closed space, a homogeneous mixture of the two is soon obtained. This is 
due to the movements of the gaseous molecules within the space, and the 
process is called diffusion. In a similar way diffusion will effect in time a 
homogeneous mixture of two liquids or solutions. If water Is carefully poured 
on to the surface of a solution of salt, the salt or its ions will soon be equally 
distributed throughout the whole. If a solution of albumin or any other 
coUMal substance is used instead of salt in the expeninent, difiusion will be 
found to occur much more slowly. If, instead of pouring water on to the 
surface of a solution of salt or sugar, the two are separated by a membrane 
made of such a material as parchment paper, a similar diffusion will occur, 
though more slowly than in cases where the membrane is absent. In time, 
the water on each side of the membrane will contain the same quantity of 
sugar or salt. Substances which pass through such membranes are called 
crystalloids. Substances which have such large molecules (starch, protein, 
et«.| that they will not pass through such membranes are called colUnda. 
Difiusion of substances in solution in which we have to deal with an interven- 
' ing membrane is usually called dialysis- The process of filtration {i.e. the 
passage of materials through the pores of a membrane under the influence of 
mechanical pressure) may be excluded in such experiments by placing the 
membrane (M) vertically as shown in the diagram (hg. 72), and the two fluids 
A and B on each side of it. Diffusion through a membrane is not limited to 
the molecules of water, but it may occur also in the molecules of certain sub- 
stances dis-olved in the water. But very few if any membranes are equally 
permeable tu water and to molecules or ions of the substances dissolved in the 
water If in the accompanpng digram the compartment A is filled with pure 
water and B with a sodium chloride solution, the hquids in the two compart- 
ments will ultimately be found to be equal in bulk as they were at the start. 



DiBiiizcdb, Google 



M 



OSMOTIC PRESSURE 289 

and each will be a. solution of salt of half the original strength of that in the 
oompartment B. But at first the volume of the Uquid in compartment B 
increases, because more water molecules pass into it from A than salt molecules 
pass from B into A. The term osmosis is generally limited to the stream of 
water molecules passing through a membrane, while the term dialysis is 
applied to the passage of the molecules in solution in the water. The osmotic 
stream of water is especially important, and in connection with this it ia 
necessary to explain the term ostnotic pressure. At first, then, osmosis (the 
diSFusioD of water) is more rapid than the dialysis (the diffusion of the salt 
molecules or ions). The older explanation of this was that salt attracted the 
water, but we now express the tact differently by saying that the salt in solu- 
tion exerts a certain osmotic pressure : the result of the osmotic pressure ia 
that more water flows from the water side to the side of the solution than in 
the contrary direction. The osmotic pressure varies with the amount of 
substance in solution, and ia also altered by variations of 
temperature, occurring more rapidly at high than at 
low temperatures. 

If we imagine two masses of water separated by a 
permeable membrane, as many water molecules will 
pass through from one side as from the other, and so 
the. volumes of the two masses of water will remain 
unchanged. If now we imagine the membrane M is 
not permeable except to water, and the compartment A 
contains water, and the compartment B contains a 
solution of salt or sugar ; in these circumstances water 
will pass through into B, and the volume of B will 
increase in proportion to the osmotic pressure of the 
sugar or salt in solution in B, but no molecules of sugar Yia. 7i. 

or salt can get through into A from B, so the volume 

of fluid in A will continue to decrease, until at last a Umit ia reached. The 
determination of this limit, as measured by the height of a column of fiuid 
or mercury which it will support, will give us a measurement of the osmotic 
pressure. Membranes of this nature are called S6Illi-petI&eable. One of 
the best kinds of semi-permeable membrane is ferrocyanide of copper. This 
may be made by taking a cell of por6us earthenware and washing it out first 
with copper sulphate and then with potassium ferrocyanide. An insoluble pre- 
cipitate of copper ferrocyanide is thus deposited in the pores of the earthen- 
ware. If such a cell is filled with a 1 per-cent. solution of sodium chloride, 
water diSuees in till the pressure registered by a manometer connected to it 
registers the enormous height of 5000 millimetres of mercury. Theoretically 
it is possible to measure osmotic pressure by a manometer in this way, but 
practicaUy it is seldom done, and some of the indirect methods of measurement 
described later are used instead. The reason for this is that it has been found 
difficult to construct a membrane which is absolutely semi -permeable. 

Many explanations of the nature of osmotic pressure have been brought 
forward, but none is perfectly satisfactory. The following simple explanation 
is perhaps the best, and may be rendered more intelligible by an illustration. 
Suppose we have a solution of sugar separated by a semi-permeable membrane 

19 
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fruni water : this is, the membrane ia permeable to wat«r molecoleii. but not 
to sugar molecules. The streams of wal«r from the two sides will then be 
unequal ; on one aide we have water molecules strlkii^ against the' mem- 
brane in what we may call nonnal numbers, while on the other side both wat«r 
molecules and sugar molecules are striking against it. On this side, therefore, 
the sugar molecules take up a certain amount of room, and do not aUow the 
water molecules to get to the membrane ; the membrane is, as it were, screened 
against the water by the sugar, therefore fewer water molecules will get through 
from the screened to' the unjjcreened side than vice versa. This comes to the 
same thing as saying that the osmotic stream of water is greater from the 
unscreened wat«r side to the screened sugar side than it is in the reverse 
direction. The more sugar molecules that are present, the greater will be 
their screening action, and thus we see that the osmotic pressure is propor- 
tional to the number of sugar molecules in the solution ; that is, to the con- 
centration of the solution. 

Osmotic pressure is, in fact, equal to that which the dissolved substance 
would exert if it occupied the same space in the form of a gas (Van 't HofFs 
hypotheBis).^ The nature of the substance makes no difierence ; it is only 
the number of molecules which causes osmotic pressure to vary. The osmotic 
pressure, however, of substances like sodium chloride, which are electrolytes, 
is greater than what one would expect from the number of molecules present. 
This is because the molecules in solution are spUt into their constituent ions, 
and an ion plays the same part as a molecule, in questions of osmotic pressure. 
In dilute solutions of sodium chloride ionisation is more complete, and as the 
total number of ions is then nearly double the number of original molecules, 
the osmotic pressure is nearly double what would have been calculated from 
the number of molecules. 

The analogy between osmotic pressure and the partial pressure of gases is 
complete, as may be seen from the following statements : — 

1. At a constant temperature osmotic pressure is proportional to the 
concentration of the solution (Boyle-Mariotte'a law for gases). 

2. With constant concentration, the osmotic pressure rises with and is 
proportional to the temperature (Gay-Lussac's law for gases). 

3. The osmotic pressure of a solution of different substances is equal to 
the sum of the pressures which the individual substances would exert if they 
were alone in the solution (Dalton-Hem-y law for partial pressure of gases). 

4. The osmotic pressure is independent of the nature of the substance in 
solution, and depends only on the number of molecules or ions in solution 
(Avogadro's law for gases). 

Calculatioa of Osmotic Piessnre.—We may beat illustrate this by an 
example, and to simplify matters we will take an example in the case of a 
non-electrolyf« such as sugar. We shall then not have to take into account 
any electrolytic dissociation of the molecules into ions. We will suppose we 
want to calculate the osmotic pressure of a 1 per-cent. solution of sucrose. 

' Moore and Frazer End that the law tuny he more accurately eipreBsed as 
follows : The pressure is that which would be exerted if the siibetance in solution 
was rendered gaaeouH at the same temperstui'e &]id kept to the volume of the pure 
solvent vised (water) insUad of the volume of the entire solution. 
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One gramme of hydrogen at atmospheric pressure and 0° C. occupies a 
volume of 11-2 litres; two grammes of hydrogen will therefore occupy a 
volume of 22-4 litres, A gramme -molecule of hydrogen^that is, 2 graramee 
of hydrogen — when brought to the voiiune of 1 litre will exert a gas pressure 
equal to that of 22-4 litres compressed to 1 litre — that is, a pressure of 22-4 
atmospheres. A gramme-molecular solution of sucrose, since it oontaina 
the same number of molecules in a Utjre, must therefore exert an osmotic 
pressure of 22-4 atmospheres also. A gramme -molecular solution of sucrose 
(CijB^Oji) contains 342 grammes of sucrose in a litre. A 1 per-cent. 
solution of sucrose contains only 10 grarojnea of sucrose in a litre of 
water ; hence the osmotic pressure of a 1 per-cent. solution of sucrose is 
— X 22'4 atmospheres, or OBS of an atmosphere, which in terms of a column 

of mereury = 780 X 0-65 = 494 mm. 

It would not be possible to make such a calculation in the case of an electro- 
lyte, because we should not know how many molecules had been ionised. In 
the liqtiida of the body, both electrolytes and non-electrolytes are present, 
and so a calculation is here also impossible. 

We have seen the difiiculty of directly measuring osmotic pressure by a 
manometer ; we now see that mere arithmetic often fails us ; and so we come 
to the question to which we have been leadii^ up, viz., how osmotic pressure 
is actually determined. 

Determination of Osmotic PreBsnre by means of the Freesing-point.— 
This is the method which is almost universally employed. A very simple 
apparatus (Beckmann's differential thermometer) is all that is necessary. The 
principle on which the method depends is the following : — The freexii^- 
point of any aubstaace in solution in water is lower than that of water ; the 
lowering of the freezii^-point is proportional to the molecular concentration 
of the dissolved substance, and that, as we have seen, is proportional to 
the osmotic pressure. 

When a gramme- molecule of any substance is dissolved in a litre of water, 
the freeaing-point is lowered by I-S?" C, and the osmotic pressure is, as we 
have seen, equal to 22-4 atmospheres : that is, 22-4 x 760 = 17,024 mm. of 
mereury. 

We can therefore calculate the osmotic pressure of any solution if we 
know the lowering of its freezing-point in degrees Centigrade ; the lowering 
of the freezing'poiat is usually expressed by the Greek letter A. 

A 
Osmotio pressure = t^ X 17,024. 

For example, a 1 per-cent. solution of sucrose would freeze at —0-052° C. ; 
-052 X 17,024 
its osmotic pressure is therefore j^ = ^"^^ mm., a number approxi- 
mately equal to that we obtained by calculation. 

Mammalian blood serum gives A = 0-56° C. A 0-9 per-cent. solution of 
sodium chloride has the same A ; hence serum and a 0-9 per-cent. solution 
of common salt have the same osmotic pressure, or are isolonic. The osmotic 
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■56 X 17,024 

profiauru uf blood serum in — ;■ „_ ■■ ■ = uOOO mm. of lueroory approximately, 

or a presaure of nearly 7 atmosphereB. 

The osmotic presHure of solutioDH may also be compared by observing 
tbeir clTect on rod corpuscles, or on vegetable cells such aa those in TVn- 
descantia. If the solution ia hyperU/nic, i.e. has a greater osmotic piesaure than 
the cell contents, the protoplasm shrinks and loses water, or, if red corpuscles 
are used, they become crenated. If the solution ia hypotonic, e.g. has a, smaller 
osmotic pressure than the material within the cell-wall, no shrinking of the 
protoplasm in the vegetable cell occurs, and if red corpuscles are used they 
swell and liberate their pigment. Isotonic solutions produce neither of these 
eSoctj),' because they have the same molecular concentration and osmotic 
presaure as the material within the cell-wall. 

Physioli^cal Applications.— Itwill at once be aeen how important all these 
considerations are from the physiological standpoint. In the body we have 
aqueous solutions of various substances separated from one another by mem- 
branea. Thus we have the endothelial walls of the capillariea aeparating 
the blood from the lymph ; we have the epithelial walls of the kidney tubulea 
separating the blood and lymph from the urine ; we have similar epithelium 
in all secreting glands ; and we have the wall of the ahmentary canal separating 
the digested food from the blood-vessels and lacteala. In such important 
problems, then, aa lymph-formation, the formation of urine and other excre- 
tions and secretions, and abaorption of food, we have to take into account 
the laws which r^pilate the movements both of water and of substances 
which are held in solution by the water. In the body osmosis is not the only 
force at work, but we have also to consider filtration : that is, the forcible 
pasaage of materials through membranes, due to differences of mechanical 
proasure. Further complicating these two procesaea we have to take into 
account another force : namely, the secretory or aelective activity of the 
living cells of which the membranea in question are composed. This is some- 
times called by the name vital action, which is an unsatisfactory and unscientific 
expression. The laws which regulate filtration, imbibition, and osmosis are 
fairly well known and can be experimentally verified. But we have un- 
doubtedly some other force, or some other manifestation of force, in the case 
of living membranes. It probably is some physical or chemical property of 
living matter which has not yet been brought into line with the known chemical 
and physical forces which operate in the inoi^anic world. We cannot deny 
its existence, for it sometimes operates so as to neutralise the known forces of 
osmosis and filtration. 

The more one studies the question of lymph -formation, the more con- 
vinced one becomes that mere osmosis and filtration will not explain it entirely. 
The basis of the action is no doubt physical, but the living cells do not behave 
like the dead membrane of a dialyser ; they have a selective action, picking 
out some substances and passing them through to the lymph, while they 
reject others. 

The question of gaseous interchains in the lungs has been another battle- 
field of a similar kind. Some maintain that all can be explained by the laws 
of diffusion of gases ; others have asserted that the action is wholly vital ; 
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but recent research has shown that the main facts are explicable on a 
physical basis (see p. 171). Take ^ain the case of absorption. The object 
of digestion is to render the food soluble and difiusiblo ; it can hardly be 
supposed that this is useless ; the readily difiusible substances will pass more 
easily through into the blood and lymph : but still, as Waymouth Beid has 
shown, if the living epithehum of the intestine is removed, absorption comes 
vei7 nearly to a standstill, although from the purely physical standpoint 
removal of the thick columnar epithelium would increase the facilities for 
osmosis and filtration. 

The osmotic pressure exerted by crystalloids is very considerable, but 
their ready diffusibility hmits their influence on the flow of water in the body. 
Thus, if a strong solution of salt is inject^ into the blood, the first effect 
will be tJie setting up of an osmotic stream from the tissues to the blood. 
The salt, however, would soon diffuse out info the tissues, and would now 
eiert osmotic pressure in the opposite direction. Moreover, both effects will 
be but temporary, because excess of salt is soon got rid of by the excretions. 

Osmotic Fressnte of Proteins. — It has been generally assumed that prot«ins, 
the most abundant and important constituents of the blood, exert little or no 
osmotic pressure. Starling, however, has claimed that they have a small 
osmotic pressure ; if this is so, it Is of importance, for proteins, unlike salt, do 
not diffuse readily, and their effect therefore remains as an almost permanent 
factor in the blood. Starling gives the osmotic pressure of the proteins of 
the blood-plasma as equal to 30 mm. of mercury. By others this is attributed 
to the inorganic salts with which proteins are always closely associated.^ 
Moore, for instance, finds that the purer a protein is, the less is its oHmotic 
pressure ; the same is true for other colloidal substances. It really does' not 
matter much, if the osmotic force exists, whether it is due to the protein 
itself, or to the saline constituents which are almost an intogral part of a 
protein. It is merely interesting from the theoretical point of view. We 
should from the theoretical standpoint find it difficult to imagine that a pure 
protein can exert more than a minimal osmotic pressure. It is made up of 
such huge molecules that, even when the proteins are present to the extent 
of 7 or 8 per cent., as they are in biood-plasma, there are comparatively few 
protein molecules in solution, and probably none in true solution. Still, by 
means of this weak but constant pressure it is possible to explain the fact that 
an isotonic or even a hypertonia solution of a diffusible crystalloid may be 
completely absorbed from the peritoneal cavity into the blood. 

The functional activity o£ the tissue elements is accompanied by the 
breaking down of their constituents into simpler materials. These materials 
pass into the lymph, and increase its molecular concentration and its osmotic 
pressure ; thus water is attracted (to use the older way of putting it) from 
the blood to the lymph, and so the volume of tho lymph rises and its flow 
increases. On the other hand, as these substances accumulate in the lymph 
they will in time attain there a greater concentration than in the blood, and 

' Bnylius Las showu that the auHiie constituent)! in a protein i-iv nnt nii<cl]ai]ically 
mixed witJi it, but ai-e in :i state iutRrmcdiatv lietH'cen nifrhaiiii'al adniixturr and 
ehemical c™ribiiiftti<ni, bi which tlie term nrlsor/itinn is ajipHeil. M:iny rlyps usiii for 
staining fubricti and luHlolnj^cal prejiaratioDB are also ailiwrlwd. 
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they will diffuse towards the blood, by which they are carried to the organs 



But, again, we have a difficulty with the proteins ; they are moat important 
for the nutrition of the tinsueB, but they are practically iudifEuBible. We 
must provisionally asHume that their presence in the lymph is due to filtration 
from the blood. The plasma in the capillaries is under a somewhat higher 
pressure than the lymph in the tissues, and this tends to squeeze the con- 
stituents of the blood, including the proteins, through the capillary walls. 
I have, however, already indicated that the exact mechaniBm of lymph- 
formation is one of the many physiological problems which await solution by 
the physiologists of the future. 

COLLOIDS AND COLLOIDAL SOLUTIONS 

The proteins, the polysaccharides, and the soaps may be inken as instances 
of colloids. They do not pass through the membrane of a dialyser, they can 
be '' salted out " of solution, their solutions are opalescent, they crystallise 
with difficulty if at all, they have a tendency to form jellies, and they exert 
a Tery low osmotic pressure. 

The study of colloids, a class to which so many important physiological 
substances belong, is therefore important, and the following paragraphs deal 
briefly with some of the principal facts now known in relation to this branch 
of physical chemistry. 

A colloid material is spoken of as being capable of assuming two condi- 
tions, which are respectively named sol and gel. If the colloid is fluid, the 
term sol is used ; if it is solid like a jelly, the word gel is employed. The 
two conditions are well illustrated in the case of gelatin ; in warm water 
gelatin is a sol ; when the solution cools we get a gel. In the case of gelatin 
the condition is easily reversible, but this is not so in relation to all coUoids. 

If water is the fluid medium employed, the l«rms '' hydrosol " and 
'' hydrogel " are applied ; if alcohol is used, the words " alcoholsol " and 
" alcoholgel " are employed, and so with other solvents. 

Colloid material is often obtainable in another condition still, namely, as 
a flocculent precipitate. This is seen when proteins are '' salted out," or 
when an albuminous solution is heated beyond its '' coagulating point." In 
some cases an enzyme action will alter the physical and chemical structure of 
the protein so that it becomes insoluble in the fluid in which it was previously 
apparently dissolved. This is seen in the familiar examples of the clotting 
of blood by thrombin, and the curdling of milk by rennin. 

There are numerous analogies between these organic colloids and the 
inorganic colloids. Thus several metals, such as gold, silver, and platinum, 
are obtainable in colloidal form, and the same is true for certain compounds 
such SiS silicic acid. These materials are in an unstable physical condition, 
passing from the sol to the gel condition under slight provocation. This 
confers upon them the property of producing what is termed catalysis in 
chemical substances in contact with them, and the similarities between catalysis 
and enz.yme action are so striking and numerous, that the doctrine that enzyme 
action is a catalytic one rests on a by no means unstable foundation. 
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g now the case of a colloid in the condition of a sol, as for instance 
the proteins arc in the plasma or Bcnim of the hlood, doea that term imply 
complete solution in the same way as when we use the term in reference to 
a solution of salt or sugar T Or have we, on the other hajid, rather a condition 
of suspension, or a kind of attenuated gel ! 

The microscopic examination of such fluids, even with the highest powers, 
reveals no visible particles. The particles which are present if they are not 
in solution are present either in a smaller or in a more diffuse condition than 
the particles of an ordinary suspension or emulsion. 

An ordinary paper filter has far too la^^ pores to keep back any particles 
from such fluids. It is necessary to construct a filter of a more efficient 
character. The kind of filter employed is fashioned on the principle of those 
used for filtering o& small particles such as hacteria from fluids. One of the 
best is that described by C. J. Martin. The case of the candle of a Pasteur- 
Chamberland filter is filled with a hot 10 per-cent. solution of gelatin, and 
this is forced by air prcssiue through the pores of the porcelain. The hot 
solution filters through fairly quickly at first, but as the pores get stopped 
up it runs through more slowly ; when it is nearly cold, the filter case is re- 
moved from the compreBsed'air cyhnder, and the filter detached from its case. 
The gelatin is then washed off from the outside of the filter, and it is ready 
for use. 

Instead of a gelatin filter, one of silicic acid can be made. A stiff solution 
of sodium silicate is filtered nnder pressure through the candle ; after a few 
minutes, when the pores are filled with it, the candle can be detached, filled 
with 3 per-cfent. hydrochloric acid and immersed in a bath of the same acid for 
a day or two. The acid diffuses into the pores, and decomposes the sodium 
silicate, depositing a gelatinous precipitate of silicic acid. 

If fresh serunii or e^-whito is placed outside the filter, the filtrate which 
comes throi^h is clear, colourless, and absolutely free from protein. 

Proteoses and crystaUoids pass the membrane easily ; meta-proteins 
slightly: caramel, biliverdin, and dextrins partially. But the following proteins 
do not pass it at all: egg-albumin, serum -albumin, egg-globulin, serum-globulin, 
fibriilogen, caseinogen, nucleo -proteins, and haemoglobin. The colloid carbo- 
hydrates starch and glycogen resemble the proteins. 

In other words, substances with large molecules which do not pass through 
membranes by dialysis are also stopped fay filtration under pressure through 
a gelatin or silicic-acid filter, and some are inclined to regard the large size of 
the molecule as the reason of the non-passage in both cases, and do not agree 
with Ostwald that the solutions are mechanical mixtures and not true solu- 
tions. The small osmotic pressure which such substances as protein exert 
may be regarded as evidence of true solution. But, as we have already seen, 
we are by no means certain that absolutely pure proteins do exert osmotic 
pressure, and further, osmotic pressure appears to be exerted by substances 
which are admittedly not in true solution. The workii^ hypothesis adopted 
in this dilemma by the majority of observers is, that in such fluids we are not 
dealing with true solutions nor with suspensions of fine particles, and the 
term " colloidal solution " has been invented to express the condition of things, 
which appears to he something of an intermediate nature. 
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The similarity between colloidal solution and fine suspension ia a marked one. 
Tlie well-known nugration of obvious suspensions (inol"ding bacteria) in an 
electric field isevident also in colloidal solutions; and as Hardy has shown in the 
case o£ certain proteins, the sign of the charge in the colloidal state or in sus- 
pension may bo reversed by very slight alterations in the reaetion of the fluid. 

Further, both suspensions and colloidal solutions give what is known as 
the Tyndall phenomenon, scattering light ; this teat forms the basis of 
what are teimed ultra-microscopic observations. 

Ah compared with ordinary solutions, a very small expenditure of energy 
is necessary to separate matter in colloidal solution from its " solvent " ; and 
the vapour pressure and freezing-point of the " solvent " are only altered to a 
negligible degree hytheincorporationof the colloid in it. Still, this in itself is not 
characteristic of colloids, for the same is true for certain pairs of liquids (for in- 
stance, dichlomcetic acid and isopentane) which form true solutions together. 

Precipitation by electrolytes is again a striking feature common to col- 
loidal solutions and suspensions, and the precipitating ions are carried down in 
amounts which are proportional to the amount of precipitate. The agglutina- 
tion of hacteria is possibly a phenomenon of the same order. There are, 
however, differences l)etween the behaviour of inorganic colloids and proteins 
not only to electrolytes, but also te non-electrolytes, which Waymouth Reid 
considers still require elucidation, and in the case of electrolytes Pauli points 
out a certain specificity in the ionic actions, the end result being determined by 
the algebraic sum of the antagonistic actions of the precipitant and anti- 
precipitant properties of the kation and anion of a salt. 

The view that a colloidal solution approaches near to the state of extremely 
fine suspension is favoured by the facts that both reduce the surface tension 
of the fluid containing them, and that both readily form surface films of 
greater concentration which can be heaped up mechanically and separated 
by agitation ; this, for instance, occurs in emulsification. The case of hfemo- 
glohin shows that this substance, though non-dialysable ajid capable of being 
filtered off by an efficient filter, is not on all-fours with other proteins in other 
particulars, for it is probably dissolved by water (W. Reid). It is possible 
as research proceeds other exceptions to the general rule may be found, and 
that the native proteins, although colloids, nevertheless exhibit gradations 
from those at one extreme which form true solutions, to those at the other 
which form obvious suspensions only, 

SUBFACE TENSION 

, The surface layer of a liquid possesses certain properties which are not 
Bhai;ed by the rest of it, for in the interior the arrangement of matter is sym- 
metrical around any point, whereas on the surface the surroundings consist 
of liquid on one side only, while on the other side is solid or gas, or it may be 
another liquid. In a gas the molecules are free from one another's attractive 
influence, and fly about freely with high velocity, producing pressure on (he 
walls of the containing vessel ; in a liquid, the mutual attraction of the 
molecules is great enough to keep the substance together in a definite volume. 
In order to separate the molecules and convert the liquid into gas, a lar^ 
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amount of ener^ is required — the so-called latent heat of evaporation. The 
molecular attractions in & liquid are thus veiy great, Bo that any molecule 
of the surface Ia3^r is strongly pulled inwards, and this layer constitutes a 
stretched elastic skin, and the power thus exerted is termed aurfact tension. 
The effect of surface tension is most simply seen in a free drop of liquid, such 
aa a raindrop, or a drop Of oil immersed in a mixture of alcohol and water of 
the same density. There is then nothing to prevent the surface layer from 
contracting as much as possible, and the drop will assume a form in which its 
volume has the smallest surface, that is, the form of a sphere- 
Animal cells are Uquid, and when they are at rest, other forces being absent, 
they also are spherical, and altogether they do not possess as a rule a definite 
wall of harder material, such as one finds in most vegetable cells ; nevertheless 
the surface film, exercising the force called surface tension, plays the part of 
an elastic skin, and is termed the plagnuUie membrane. This membrane plays 
an ijuporfiant physiological r&le. In the projection of pseudopodia, for instance, 
variation in the surface tension occurs in difierent parts of the circumference 
of the cell, and at the points where the surface tension is lowered pseudopodia 
will he thrust out. Protoplasm, however, is not a homogeneous Uquid, but 
contains substances of varying chemical composition ; those Bubstanoes which 
have the power of diminishing surface tension always show a tendency to 
accumulate at the surface. Hence the fats and lipoids, which are powerful 
depressants of surface tension, ate found (probably in a state of an extremely 
fine emulsion) more abundantly in the plasmatic membrane than in other parts 
of the cell. The interstitial spaces between the fat globules are filled up with 
a watery colloidal (protein) solution. 

The theory of difiuaion of dissolved substances through membranes as 
apphed to cells has been profoundly influenced by the discovery of the com- 
position of the plasmatic membrane. At one time it was believed that dif- 
fusion of a colloid material was prevented by the pores of the membrane being 
too small to allow large molecules te get through them ; it was considered to 
act as a sort of sieve. But this caonot be the whole explanation, and it is now 
held that solution affinities play the most important part ; that is to say, a 
membrane is permeable te substances which are soluble in the material of the 
membrane. Such solubility may imply the formation of actual chemical 
unions, but more frequently the process is one of adsorption ; this latter process 
comes specially into play where nutritive materials are assimilated by the 
cell by means of the protein solution which occupies the interstices between 
the fat globules. On the other hand, the permeability of the plasmatic mem- 
brane by substances such as chloroform and ether is mainly determined by the 
solubility of these materials in the fatty or fat-like componente of the membrane, 
and this consideration is the foundation of the Meyer-Overton theory of the 
narcotic effect on cells which these volatile anaesthetics exercise. 

THE DETERHmATTON OF THE REACTION OF FLUIDS 

In any aqueous solution, if the concentration of hydrogen ion.'j (CJ) is 
multiplied by that of hydroxyl ions (C|,h), the product is constant. In 
distilleil water at 18° C, the two concentrations are equal (10^^'). Therefore 
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Cr X Co„=10"™xlO"''"'=10""". In acid solutions C„ exceeds 10"™ and 
Cq|{ is less. In alkaline solutions the reverse obtains, but in all cases the 
product is 10"'* ". 

The amount of ionisation which acids undergo in solution varies greatly. 
For instance, in decinormal hydrochloric acid, 91 per cent, is ionised ; therefore 
C„ is 0-091 times the normal and is equal to lO^'"*. The figure I'04 (the nega. 
tive sign is usually omitted) is the logarithm to the base 10 of the concentra- 
tion of hydrogen ions in grammes per litre, and is conveniently expressed as 
P„. On the other hand, decinormal acetic acid is only dissociated into its ions 
to the extent of 1-3 per cent., and its F^ ie 2'89. 

In the testing of the reaction of a fluid, various indicators are employed ,- 
these undergo a change of colour on the addition of an acid or alkali, and at a 
certain point an intermediate tint shows what is termed the neutral point. 
The fluid, however, is only neutral to the particular indicator employed, and 
the neutral tint does not imply that the concentrations of hydrogen and 
hydroxyl ions are equal. Different iodicators give the so-called neutral point 
when the concentrations of ions are widely different. Thus a solution which 
is neutral to litmus (Fi|=6-6 approximately) will not be so to methyl orange 
(P[i=4 approximately). The range of a few indicators is given in the sub- 
joined table : — 

Ph- 

Methyl orange 3-1 to 4-4 

T6pfer's reagent 2-6 to 4-2 

Litmus 5-0 to 8-0 

Tropsolin 00 1 '4 to 2-6 

Phenolphthalein 8-3 to 10-0 

The amount of decinormal soda which must be added to an acid fluid to 
render it neutral is called its " titration acidity " to the indicator employed. 
Thus normal urine which owes its acidity partly to acid salts, and partly to free 
acids, has a P„ = 5, so that it will be acid to litmus, but alkaline to methyl orange. 

The true acidity is ascertained by combining observations with a large 
number of indicators, or, better still, by an electrometric examination of the 
fluid. It is only necessary to estimate the concentration of hydrogen ions ; 
the concentration of hydroxyl ions can alwa)^ be calculated, because, as already 
stated, the product of the two is a constant. 

The electrometric method we owe to Nemst. It is based on the fact that 
a metal electrode saturated with hydrogen, immersed in a liquid also saturated 
with hydrogen, gives rise to a difference of potential between the electrode 
and the hquid which is dependent on the concentration of hydrogen ions 
previously present in the liquid. This concentration is calculated from the 
difference of potential observed. The method presupposes that the saturation 
with hydrogen referred to produces no change in the hydrogen ion concentra- 
tion of the original liquid. This assumption is not always correct, especially 
when one is dealing with biological fluids ; these frequently contain volatile 
acids or bases which will be partly swept out of solution by the current of 
hydrogen gas. It will be sufficient to say, without entering into technical 
details, that there are methods for overcoming this diftioulty. 
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mCBOCHEBnCAL QUANTITATIVE ANALYSIS 

Certain physiological problema have eo far baffled experimental invest^- 
tion, owing to the minute quantity in which many important subetancea occur 
in the organs and fluidg of the body. This tact makes it in many cases im- 
poBsible f« apply to them the usual quantitative methods of the analytical 
chemist, or to identify them, when isolated, by the claBsical methods of 
elementary analysiB. Within recent years, however, the ingenuity of many 
workers has been apphed to the elaboration of microchemical and miero- 
phjrsical methods, which rival in exactness the older methods. A few of these 
may be mentioned here in outline, as the full description of experimental 
detail is outside the scope of this book. 

1. QoantitatiTe Hicro-elementory Analysis (Pregl).— The principle 
of the method is the same as that mentioned in Lesson I. 3. Its application to 
very small quantities of material (6-10 mg.) has been made possible by the 
construction of sensitive micro -balances (Nemst, Kahlmann), which allow 
weighings to be made with an accuracy of ±01)01 mg. Suitable small 
absorption apparatus for carbon dioxide and water have been construct«d by 
Pregl. The same author has also worked out methods for the estimation of 
nitrogen in small quantities of organic substances depending on the principle 
of Dumas's and Ejeldahl's (p. 251) methods. Micro-Dumas, micro-Kjeldahl, 
micro 'Sulphur, and micro-halogen estimations have been made possible by the 
introduction of micro -filtration apparatus made out of capillary tubing or of 

2. Microcliemioal Analysis of Blood. — Bang has described methods for 
the volumetric estimation of glucose and sodium chloride in 2-3 drops 
( "-lOO mg.) of blood, and has also indicated methods for the estimation of 
albumin, globulin, hfemoglobin, urea, uric acid, etc., in blood by the use of 
suitable micro- methods. By Winterstein's method the oxygen can be esti- 
mated in 0-05 C.C. of blood- {See also Barcroft's method, p. 283.) 

3. Hicrachemical Analysis of Urine. — Methods for this purpose have been 
developed mainly by Folin, by means of which the total nitrogen, ammonia, 
and urea may be estimated in 1 c.c. of urine. Urea may also be estimated in 
the same small quantity by Marshall's method, who makes use of the con- 
version of urea into ammonium carbonate by the enzyme urease contained in 
soy beans. Further, a quantitative gravimetric method for the estimation of 
urea in extremely small quantities has been based by Fosse on the insolubility 
of its xanthydrol compound. Folin's mlcrochemioal method for uric acid 
has already been described (p. 256). The colorimetrie method for the estimation 
of creatinine (p. 257) may also be mentioned in this connection. 

4. Van Slyke'S Hetbod for the estimation of ami no-nitrogen (p. 233) has 
been converted by him into a microchemical method, which requites only 
0-5 mg. of amino -nitrogen for analysis. 

5. Spectiometxio Methods for the estimation of cholesterol (and "oxy- 
choiesterol ") and its eaters have been worked out by Lifschutz, which appear 
to be more trustworthy than the older colorimetrie methods. 

6. Micro-polaritnetric Method of E. Fischer.^The usual polarimetric 
method (p. 223) has been converted into a micro -polarimetric method by 
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reducing the diameter of the tubes used lo 1*5 mm., and their contents to 
0*1 C.C. The apecific gravity of the solutions to be examined ia estimated 
by a micro- pyenometer. Only 5-10 mg. of substance are necessary for an 
observation. 

7. Microscopic Molecnlar-Weigbt EBtimations ip»y ^ carried out by 
Barger's method, which depends on the fact that cquimolecular solutions of 
different substdnces possess the name vapour density. The estimations are 
carried out in capillary tubes under the microscope, and require only a few 
mllligmmmes of substance. 
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e, 91, 188, 202. 

B. 48, 53, 54, 91, 114, 117, 202. 
^teof, 188, 189. 

ascular injection of, 188. 
c amino-acids, 46, 60. 
compounds, IS. 
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Asphyxia, 145. 

Assimilation and immunity, 157. 
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Atypical globulin, 246. 

Autolysis, S9. 
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Barcroft's blood-gas apparatus, 165, 2S0, 
281, 282. 

nieroutiai ]inm[i, 279, 280. 
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Bernard, Claude, diabetic puiictui-a, 119. 

on liver glycogeu, 128. 
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Bienenfeld on human easainogaa, 76. 
Bile, 38, 120-125, 217. 
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oxygen of, 165. 
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Bone, 9, 60, 81. 
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Brain, 38, 39, 109. 
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Bread, 67, 69, 79. 
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in urine, 203, 206, 
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Caproic acid, 45. 
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absorption of, 128. 
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definition of, 23. 

in nucleic acid, 63. 
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oxidation of, 161. 

testa for, 20. 

uses of, S. 
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204. 

of calcium phosphate. 205. 

of uric acid, 19g. 
Dupr^'s urea apparatua, 164, 180- 
Dysalbumose, 230. 



Earthy phosphates in urine, 6S, 194. 
Eek'a fistula, 180, 
EdcBtin, 67. 

cleavage products of, 50. 

nitrogen distributioD in, G3, 54. 

preparation of, 228. 
Egg albumin, 34, 42, 58, 77, 295. 
cleavaoo products or, 50. 
cryataUiBation of, 56, 228. 

globulin, 12, 60, 77, 2B5. 

mucoid, 77, 

shell, composition of, 77. 

white, 2, 41, 77. 
antibody to, 157. 

yolk, 77, 

phosphatides of, 38, 40. 
protein crystals in, 56. 
vitamine of, 82. 
Eggs, 70, 77. 

Ebmch'a eide-chain tlieory, 157. 
Einhom'a saocbarimeter, 208. 
Elastic bbres, 61, 
ElsBtin, 60. 

in bone, 60, 
Elaatoses, 104. 
Electrolytes, 92, 2B0. 
EleotTometric method of determining 

acidity, 298. 
ElemenlB, atomic weights of, 8. 

detection of, 9. 

found in body, 1. 

symbols of, 8. 
Emulsification, 34, 37, 131, 132. 
EmuIaiOQ, 107. 
Enamel, 60. 
Endogenous metabul ism, 188, 191. 

tirio acid, 201, 
Energy from food, 70. 
Entero- kinase, 90, 113, 236. 
Eutozoa in urine, 203. 
Bovelope crystals of calcium oxalate, 
197, 204, 206, 
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Enzyme action, table of, 88. 

coagiUation, S7, 60, 

milk curdling, ll.'>. 
Eniyraes, 17, 37, 86, 87-95. 

deamidising, 65. 

diastatic, 28. 

hydrolytic, 89. 

inverting, 29, 88. 

lipolytic or lipoclastic, 88. 

oxidative, 66. 

peptolytic, 113, 202. 

proteolytic or proteoclastic, 202, 231. 

tissue, 202. 
Epiblast, 60, 61. 
Epidermis, 61. 
Epithelial cells in urine, 203. 

mucin in, 62. 
Epsom salts, taste of. 193, 
Erepsiu, 89, 113. 

of tissues, 202. 
Erythrocytes, 136. 
Erythrodextrin, 29, 83, 98, 228, 

tests for, 21, 22, 
Esbach's albiiminometer, 207. 

reagent, 207, 
Esters, 17. 

decomposition by alkali, 93. 
Estimation of albumin, 207. 



of chlorides, 258. 

of creatine, 257. 

of creatinine, 2E7. 

of glucose, 209, 210, 223, 224, 225, 240. 

of glycogen, 221, 

of lactose, 211, 

of maltose, 211, 227. 

of nitrogen, 251, 252. 

of phosphates, 259. 

ofphosphonis, 260. 

of sulphates, 261. 

of sulphur, 262. 

of urea, 100, 254. 

of uric acid, 255, 258. 

of urocbrome, 263. 
Ethane, U. 
Ether, 15. 
Ethereal sulphates in urine 193. 

estimation of, 261, 
EtheriGcation and enzymes, 17. 
Ethers, 17. 
Ethyl, 14. 

acetate, 11, 18, 94. 

alcohol, 11, 14, 94. 

chloride, 14, 

mercaptan, 11. 

sulphuric acid, 17. 
Euglobulin, 134. 
Exogenous metabolism, 137, 201. 
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Eiogfuous uric acid, 201. 
Ei[>JrcU air, ISO. 
External rvsj^irattun, 160. 



of mmt, SI. 
uf plasma, 113. 
Extraordinary ray, i 



F^uEs, 126, 127. 

Falk on iiervu chemietry, 249. 

Fat. 1, 2, 3, 33, 35-37, 80, 8B, 131. 

abaoi-ption of, 131, 132. 

cella, jiKitein envelope of, 103. 

constitution of, 3S. 

decora position products of, 36, 37. 

melting-points of, 3f>. 

origin of, in body, 181. 

oxidation of, 161. 

synthesis, 132. 

tests for, 33. 
Fat-splitting by liiiase, 33, 37. 
Fatal tem[iiiratuni lor enzymea, SI. 
Fatigue products on respiratory centre, 

174. 
Fats, 1,2, 3, 70. 

estimation of, 220, 280. 

of milk, 69, 76, 229. 

uses of, 3. 
Fatty aciiis, 2, 16. 33, 35. 36. 

on e^„' cells, 387. 

froDi pratvius. 44, 116. 

solvent for, 132. 

test.1 foi'. 33, 34. 
Fatty degeneration, 8D. 
Fatty or aliphatic series, IS. 
Feathery star crystals of triple plioa- 

pbate, 194, 205, 206. 
Feeding of children, 76. 
Fehling's solution, 20, 209. 

test, 20, 26, 68. 

value of, 213. 

Fermentation, 83. 

butyric acid, 28. 

luetic acid, 2S. 

test for glucose, 20, 26, 20S, 214. 
Fennents, ste Enzymes. 
Ferrioyanide of jwtash on oxyhiemo- 

globin, 153. 
FeriiliBati..n, Loeb on, 287. 
Fibrin, 60, 84, 89, 136, 137. 

and calcium, 139. 

nitrogen distribution in, 54. 
Fibrin femient or tiirombin, 57, 74, 98. 
137. 



Fibrinogen, 60, 89, 137. 143, 217, 23S. 

heat coagulation of, 55, 143. 

percentage in jilasma, 143. 

solution, 13S. 
Fibrino-globuliu, 137. 
Fibrous tissne, SI. 
Filtiation, 288, 292. 



o-polarimetric method, 279. 
Fish spermatozoa ouclein, 63. 
Fistula bile, 125. 

bUiary, 120. 

ga ri 100. 
P ed bon dioxide of blood, 16S. 
Fl hi hwmometer, 271. 
Fl or 69 78. 79. 

b w 78. 

test with, 69. 

wh 1 78. 
Fl sc nt screen, 244. 
Fl d blood, 238. 

att n of, on coagulation, 189. 

plasm , 139, 289. 



Iireparation of, 1 



of urea estimation, 254. 
for total sulphates, 261. 
[nicFO- chemical method for uric acid. 



Folin and Macallum's method for uric 

acid, 256. 
Folin-Shalfer method of uric acid estinii- 
tion, 199,256. 
reagent, 255. 
Foods, 68-81. 
accessories to. 81. 
cooking of. 79. 
tests for, 68-69. 
Food-stuiJs, 70-72. 
Formaldehyde, 15, 41, 42. 263. 
method of ammonia estimation, 25S. 

of aminoacid estimation, 232. 
reaction for proteins, 56. 
Formalin, 253. 
Foimie acid, 12, 35. 
tests for, 12. 
ester, 12. 
Fractional heat coagulation of muacU, 



Fraunbofer's lines, 134, 149, 16t 
Frederici^ on apntea, 178. 
Free casemogen, 74, 22&. 
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Free Blements in body, 1. 

Fraeziog- point and osmotic [iresBure, 291. 

Frog's mMstioB and fat absorption, fig. 

20, 131. 
Fructose or Itevulose, 20, S3, 24, 26, 

32, 88, 94, 112, 216. 
and phenyl -hjdrsziDe test, 222. 
Fnnctional activity and tiaaue rospira- 

tion, 17fi. 



Fuak OD vitamine. S2. 
Furfuraldehyde, 123. 
Fiirtb's, v., muscls fibrin a 



Galactose, 23, 24, 26, 28, 39, 75, 88, 
248. 
and pbenjl-hydrazine, 222. 
Golactosides, 37, 248. 
GaQ-bladder bile, 121, 122. 
Qall-BtoneB, 38. 

Gamgee, photographic spectra, 243, 244. 
Garrud and Hopkins on stercobilin, 124. 

method for preparing urobilin, 384. 
Gaa analysis, Barcroft's apparatus for, 
280, 
chemical method, 164. 
Ealdane's apparatus, 284. 
in fluid, meaaurement of, 163. 
Gaseous exchange in lung, 170, 292. 
in tiasuo, 171. 
of organ, 176, 
metabolism of body, 177. 
Gases of blood, 170. 
of intestine, 115. 
of plasma and ssrum, 142. 
solution of, in water, 161, lfl5. 
Gastric digestion, experiments on, 84. 
of proteins, 104. 
fistula, 100. 
glands, 100. 
juice, 98. 

acid of, 1S4, 234. 
actions of, 103-105. 
antiseptio, 85. 
artificial, 100. 
composition of, 102, 103. 
dog's, 102, 103. 
secretion of. 98, 100. 
psychical element in, 103. 
lipase, 103. 
Gastrin, 112. 

Gay-Lussac's law for gases, 290. 
Gel, 294. 

Gelatin, 2, 60, 61. 80, 81, 217. 
cleavage products of, SO. 
filter, 295. 
nitrogen distribution in, 54. 



Gelatin, tests for, 43. 

Gelatinisation, 43. 

Getatoses, 104. 

General [laralyais of the insane, 250. 

QCTber'sacido-butyrometric method, 229 

Germ theory of diseaae, 86. 
Glands, oxygen pressure in, 175, 
Gliadin, 66, 87. 

cleavage products of, 50. 

nitrogen distribution in, 53, 54. 
Qiiadina, 87. 
Globin, 69,146, 147. 
Gtobulicidal power of blood and serum 

166. 
Globulin, 55, 58, 69, 60, 218. 

distinction from albumins, 69, 60. 

in nervous tissues, 248. 
Globulins, vegetable, 67. 
Olobuloses, 104. 
Glossopharyngeal nerve, 95. 
Oluco-proteins, 58, 62. 
Glucosamine, 82. 

Glucose, 23, 24, 2S, 26, 28, 32, 88, 94 
112, 215. 

Bang's method of esttmatiou, 224. 

Bertrand's method of estimation, 226, 

in blood. Bang's micro-method, 241. 
estimation of, 240, 299. 

in urine, 213. 
polaiimetric estimation, 223. 

phenyl-hydrazine teat, 222. 

reducing power of, 29, 211. 

Glucosides, SO, 31, 82. 
Glutamic acid, 46, 86, 114, IIS. 
Glatelins, 67. - 
Gluten, 68, 67, 78. 

testa with, 69. 
Glntenin, wheat, 67. 

nitrogen distribution in, 53. 
Glyceric ethers, 35. 
Glyceridea, 35. 
Glycerin, see Glycerol. 
Glycero- phosphoric acid, 40. 
Glycerol, 2, 16, 35, 36. 

extract of stoicach, 84. 

tests for, 34. 
Glyceryl, 36. 
Glycino, 18, 46,46,51, 208. 

■ " 1, 126. 



n globulin, 60. 
■ 1, 215. 



Glycocholate of aodinm, 12 
Glycocholic acid, 123. 
Glycoeoll, see Glycine. 
Glycogen, 80, 88, 98, 215. 
*■ tionof, 221. 
-, 128. 
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, „eii, tests for, 22. 
Glyoogonic funetioo of liver, 118. 
Glycol, 16, 17. 
GlyooUic aoid, 17. 

aldehj^de. 17. 
Glycolysis, 119. 
Glycolytic enzyme, 119. 
Glycosuria, 110, 
Glycurontc acid, 223, 221. 

testa for, 223. 

Tollens' teat for, 223. ' 
Glycyl, 51. 

■glyciue, 61. 

-leacine, 51. 
Glyoial, 17. 
Glyoxylioacid, 17, *2. 

&nd Tolleos' test, 224. 
Gmelia'a teat for bile pigments, 123. 
■ Goblet cells, 62. 
Gooch crucible, 261. 
Goidou on circular polarisation, 276. 
Oout, 189. 

Gowers, Sir William, bEEmacytometer, 
287. 

hiemoelobinomet«r, 270, 271. 
Gowers-Baldane hs^moglobi nometer.stan- 

dardiaation of, 283. 
Graham on colloids, 55, 
Graiume-niolecular solutions, 287. 
Granules, zymogen, 90. 

acttyity on, 07. 

iu gastric glanda, 101. 
Granulose, 29. 
Grape sugar, see Glucose. 
Gravimetric glucose i 
Grsen vegetables, 81. 

I Ftlld'B method for comparing 

e,62. 

of t«ndon, 43. 
Griitzner's method for enzymes, 231. 
Guaiacum t«at, in blood, 135, 154. 

in milk, 154. 
Guauase, 202. 

Guanine, 84, 65, 200, 201, 202. 
Guano, 201. 
Guanoainu, 65. 
Guanylie acid, 66. 
Guarana, 81. 
Gum and emulaions, 34. 
Gunning's test for acetone, 211, 
GuDzberg's reagent, 235. 

teat for free liydrochloriu acid, 236. 
Gurber on scrum albumin crystals, 56. 



HsMACYTOMETBUof Sir William Gowers, 



Hi^matin acid, 147, 241. 

absorption spectrum, 242. 
in ether, 241. 242. 
alkaline, 147, 243. 

absoiption spectrum, 242. 
iron free, see Htematoporphyrin, 
Hsmatogen, 83, 
Hiematoidin, 121, 147, 

crystals, 121, 
Hnmatoporphyrin, 147. 
acid, 244. 

spectrum, 242. 
in urine, 147, 265. 
spectrum of, 26fi. 
HEemiD, 147, 154. 
orystals, 136, 147. 
preparatiou of, 136, 147. 
Hiemoohromogen, 147, 244. 
absorption spectrum, 242, 
Hiemoglobin, 9, 66, 62, 134, 145. 146. 
241. 
absorption spectrum, 160, 152, 242, 

243. 
cleavage products of, 54, 148. 
compounds of, 148 -154, 
crystals, 145, 146. ' 
derivatives of, 147, 148, 241-244. 
photographic spectrum, 243. 
Hsemoglobinometer of Sir William 
Gowers, 270, 271. 
of Dr George Oliver, 272. 
Haldane's, 271. 
standardisation of, 283. 
H^moclobinuria, 214. 

and hcemolyains, 156. 
HEEmolysins, 166, 157, 158. 
Haimotysis, 144. 
Hfcmometer, von Fleiachl's. 271. 
Heemopyrrol, 121, 124, 148. 
Hair, 43, 61. 

Haldane's gas analysis apparatus, S84, 
28S. 
h^moglobinometer, 271. 
on metbiemoglobin, 153. 
Haldane and Friestley on apuixa, 173. 
method for collecting alveolar air. 



■0-, 288. 



of Dr George Oliver, 269. 
of Thoma-Zeiss. 268. 
Hiematin, 146, 147, 217, 26; 



171. 
Halogen estimation, n 
Halogens and proteini 
Hamburger on enzymes, 282. 
Hammerschlag's method for blood specific 

gravity, 273. 
Haptophor group, 167, 
Hardy on colloidal solutions, 288. 
Hausmann on protein constitatiou, 53. 
Haversian canals, 80. 
Hayem'a fluid, 270. 
Hay's te»t for bile salta, 108. 
Head onapnci-a, 173. 
Heart, action of ions on, 287. 
calcium rigor of, 287. 
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Heart muscle, 246, 
Heat coagulatioii of muscle, 21S. 
of proteins, 57, 246, 248. 
contraction in nerve, 248. 
formation and muscle activity, 176. 
rigor, 248. 
Heidenhain on secretion of gastric juice, 

107. 
Heller's nitric acid test, 207. 
Hemp, 67, 

Henry-Dalton law, 160, 290. 
Heptoses, 24, 
Herbivorous bile, 122. 

urine, 183. 
Herrine and Simpson on pressure in 

bile duct, 120. 
Hetero-albumose, ste Hetero- proteose, 

230. 
Het«roc;clic compounds, 19. 
nitrogen in proteins, S3, 
nucleus, 49. 
Hetero-proteose, 104, 105, 2S0. 
Hexahjdric alcohols, 16, 23. 
Hexfthydroiy- benzene I 27. 
Hezametbjlene tetramice, 2E3. 
Hexone baaes, 49, 58. 
.Hexoses, 24, 25. 
Hill, Croft, on revei'sibility of eDzymea, 

94. 
Hilum, 3B. 
Hippuricacid, 19, 183, 203. 

preparation of, 203. 
Hirudin, 141, 239, 

plasma, 239. 
Histidine, 48, 58, 54, 117. 
Hiatonca, EB, 69, 117. 
Hoftneister on crystallisation of egg- 
albumin, 56, 
HomogeotiBic acid, 214, 21&. 
Hoofs, 61. 

Hopkins on crystallisation of egg- 
albumin, 56. 
method for uric 



teat for lactic acid, 235. 
in muscle, 245. 
Hoppa-Seyler on protein composition, 

44, 
Hordein, 66, 

nitrogen distribution in, 53. 
Hormones, 112. ' 
Horns, 61. 

Howell on rhythmical action, 287. 
Human blood, identilication of, 154, 159. 
Humin nitrogen in proteins, 64. 
Hnppert's test for bile in urine, 212. 
Hydrazone, 12, 222, 223. 
Hydrobilimbin, 124, 182. 263. 
Hydrocarbons, 14. 
Hydrocele Quid, 142r 
Hydrochinon in urine, 266. 



Hydrochloric acid, 98. 

actions of, 103. 

formation of, 101. 

of gastric juice, 102. 

tests for, 235. 

0'2 percent, 84. 
Hydrogel, 294- 
Hydrogen, 1, 8- 

deteotion of, 5, 6. 



ion concenttatioD on reepiral 
Hydrolysis, 44, 104, 

protein, 65, 66. 
Hydrosol, 294, 
^-Hydroiybutyrase, 120. 
fi- Hydroxy butyric acid, 120. 

detection of, 213. 

in urine, 213. 
Hydroxyflthylamine, 40, 
Bydroiyl, 14, 15. 
Hydroxy tamine solution foi 

method, 224. 
a- Hydroxy pentacosanic acid, 3 
Hydroxy propionic acid, 45. 
Hydrutia, 183. 
Hypertonic solutions, 292, 
Hypobromite of sodium on uro 

method, defects of, 254. . 
Hypotonic solutions, 292. 
Hypoianthine, 64, S5, 80, S 



lUBIBITlON, 292. 

Imidazole-amino'propionic acid, 48. 
Imidazolethylamine, 117. 
Immune body or amboceptor, 167. 
Immunity, 78, 154-169. 

and assimilation, 157. 

aidechain theory of, 157. 
Inactive lipase, 115. 
Indican of planta, 31, 193. 

of urine, 193. 

Jaffe's test for, 268. 

Obermayer's test for, 268, 
Indicators, 298. 

range of a few, 298. 
Indiftusibility of proteins, 56. 
Indigo, 193. 

blue, 286. 

red, 266, 
Indole, 47, 116. 

ring, 54. 

test for, 237. 
Indole -amino- propionic acid, 47, 114. 
Indoxyl, 31, 198,194, 266. 

■sulphuric acid, 266. 
Inexhaustibility uf enzymes, 91. 
Infection, 86. 

Inflation and deflation of lung. 173. 
Inoculation, curative and protactive, 1 
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Inorganic oaWljsU, 91. 

colloids, S91, 296. 

salta in protoplasm, 3. 

salts iu urine, tests foi, 179. 
amount per diem, 2S8. 

sulphatsain nrine, egtioiation of, 281. 
DOsite, )ee Inositol. 
no3itol,23, 25, 26, 27. 

crystal B, 25. 
nspired air, 160. 

iatensit; of reapiratioa, 177, 178. 
Internal respiration, 160. 



ntestiual juica, 27. 

reaction, 116. 
[ntra-cellular enzynies, S9. 

-vascular coagulation, 137, 138, 240. 
■ ijeotions, 2BS. 



1, 26, 29, 88, 112. 
of yeast, 27, 87, 88. 
[nvertalirate pigments, 147. 
Involuntary muscle, 248. 

iodoform reaction for alcohol, 11. 
for acetone, 211. 
c action, 287, 296. 
■ I, 297. 



us, 92, 101, 286. 

'^e hiematin, 147. 

in bile, 121,123. 

in milk, 72. 

in hEemoglobin, 166. 
[sleta of Langerhans, 110, 118. 
' a-amylamiue, 117. 

b t 1 minoacetic acid, 18. 

m des 3. 

m n &. 

te li mical, 24. 
h m actions, 95. 
n 11 ds, 291,292. 
so p bod es, 273, 275. 

Jaffe's test for creatinine, 181. 

for indican, 266. 
Jaandice, 214. 
Jecorin, 40. 
Jelly, Wliartonian, 43. 
Juico, intestinal, 27, 112. 
Junkets, 80. 



KataWism, 41, 95, 120, 187. 
Katabolites, 187. 
Kathode, 92. 



Eations 92. 

1st of 286, 
kephal 37, 40, 248. 
keraa n 39. 
Keratn 9, 43, 4S, 60, 54, 61. 

cleavage products of, 50. 

n tr gen distribution in, 54. 

te t f r, 43. 



K dney 10, 182, 188. 
kjeldahls method, 52. 

of n trogen estimation, 251- 
m cro method, 299. 
Ejeldahl Allihii method forglacose, 2DS. 
Koasel on [irotamines, 58. 
konra ss 75, 80. 
krofcli B aerotonometer, 163, 172. 
k hne on precipitation of pepsin, 103, 
kye Preston, on amboceptor, 159. 

Lacmoib, 252. 

Lactalbumin, 59, 68, 74, 229. 

Lactam form ofuric aeid, 1B9, 201. 

Lai'tase, SS. 

Lactation, urine in, 28. 

Laeteals, 131. 

Lactic acid, 2, 23,28, 80. 

and uric acid formation, 199. 

fermentation, 28, 115. 

from inositol, 27. 

in gastric juice, 102, 286. 

in muscle, 245. 

Hopkins's test for, 245. 

in nervous tissue, 249. 

tosts for, 236. 245. 
Lactim form of uric acid, 199, 201. 
Lacto-glabulin, 229. 
Lactometer, 68. 

Lactose, 23, 24, 26, 28, 29, 32, 68, 76, 
91, 112,215. 

crystals, 28. 

in nrine, 213. 

mucic acid test for, 223. 

phenyl -hydrazine test for, 222. 

i-eduoing power, 29, 211. 
Lacunie, 60, 
Lie vo- rotatory, 25. 
Lffivulose, see Fructose. 
Laking of blood, 144, 146, 
Lanoline, 38. 
Laid, 33. 

Latent beat of evaporation, 297. 
Lateritious deposit, 197. 
Laurent's polarimeter, 277. 
Law of Arrhenius, 94. 
, 101. 



I Laws of gases, 290. 
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Lead, 1,8. 

Lecithin, 2, 7, 9, 37, S9, 40, 121, 248. 

an amboceptflt, 158. 
Leech extract on coagulstioD, 137, 140, 
238. 

intra -vascular injactiOQ ot, 3S8. 
n blood-prt 



Legs 



it for 1 



s, 211. 



a linuii crystalline state, 
38, 275. 
Lentils as food, 70. 
Lethal dose, 156. 
Leucine, 45, 46, 4S, 61, 111, 114,237. 

crystals, lf>. 

in urine, 187, 203,216. 

preparation of, 237. 
Leucocytes, 138. 

and uric acid formation, 201, 202. 

in peptone blood, 140, 239. 
LeucocythiPmis, 201. 
Leucosin (wheat), 67. 

nitrogen distribution in, 53. 
Leucyl, 51. 

-alaniae, 52. 

-gljcyl-alanine, 52. 
LeTcne on yeast nucleic acid, 65. 
Lieben's reaction for alcohol, 11, 21. 

for acetone, 211. 
Lieberk lib n's jelly, 66. 
Liebermann-Burchard reaction for 

cholesterol, 100. 
Liebig's extract, 247. 
Life, a combustion, 9. 

characteristic Bigu of, 44. 
Litschlltz's spectrometric method for 

cholesterol, 209. 
Ligoceric acid, 30. 
Ling and Rendle's indicator, 200. 

method for glucose, 208. 
Linoleic series, 40. 
Lipase, 88. 

experiments with, 33. 



Liver, 40. 

and amiao-acids, 72. 

and anttthrombiii. 140. 

and uric acid, 109. 

enzyme in, 202. 

fat in, 36. 

glycogenic function of, 119, 128. 

guany lie acid, 24, 65. 

urea formation in, 186. 
Living material, 2. 

membranes, 292. 

teat-tube experiment, 142. 
Locke's fluid, 287. 
Loeb on fertilisation, 287. 

on ionic action, 287. 
Logarithmic curve of reaction velocity, 
92. 

law of enzyme action, 9S. 
Laag, 10. 

carbon dioxide exchange in, 172. 

inflation and deflation of. 173. 

oxygen exchange in, 170. 
Lymph formation and osmotic pressure, 
292. 

partial pressure of oxygen in, 171. 
lymphocytes and fet aljsorption, 132. 
Lysine, 48, 53, 54, 215. 

bacterial action on, 116. 

in hiemoglobin, 54. 



Mac ALL UK's cobalt-nitrite test foi 

potassium, 240. 
Macddnald on potassium in nerve, 240. 
Maog^uenne on inositol, 27. 

ft for proteins, 231. 



gastrii 



103. 



pancreatic, 37. 90, 111. 
Lipochrome of egg-yolk, 77. 

of fat, 247. 

ofmilk, 7_6; 
Lipoids, 






of eg 



159. 



,77. 



146. 



iilk, 75. 

of nervous tissues, 37, 248, 240. 
Lipolytic or lipoclastic enzymes, 88, 

enzyme and hiemolyhis. 150. 
Liquid orjatallino state, 38, 275. 
Liquor pancrentious. 107. 

pepticua, 84. 

sanguinis, 136. 
Lithiom, 1, S. 



phosphate, in bone, 60. 
in urine, 206. 

sulphate, on proteins, 42, 58, 66, 89, 
134. 
Maize, 66. 

Malic acid, 104, 279. 
Mallow, 27. 

Malpighian glomeruli, 182. 
Malt, 78. 

diastase, 28, 93, 226. 

extract, 226. 
Maltase, 83. 
Malting enzyme, 226. 
Maltose, 24, 26, 28, 32, 83, 88, 91, 107 
112, 215. 



I phenyl-hydrazino test, 222. 

reducing power, 29, 226, 227, 21t. 
', Maly on hydrochloric acid fonnation, 101. 
I Mammary gland, 72. 

hormone, 112. 
; Mandeltc nitrate, 31. 
\ Manganese, 1, 8. 
I Mannitol, 'iZ. 
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Morchi method for nervs degeneration, 

250. 
Murchi's fluid, 2S0. 
Marrow, 60. 
Marsh gfts, 14. 

Mariihall's urease method of urea estima- 
tion, 2B9. 
" Mass action," law of, 101. 
Mat£, 81. 
Meat, 5, 77-78. 

tests with, 5, 69. 
Meats, jwrceutage compositinn of, 78. 
Meconium, 127. 
Meiaain in uriue, 266. 
Melanotic sarcoma, 266. 
Meltaobj on creatine and creatinine, 

191, 192. 
Melting-point of fats, 35. 

of osazones, detennination of, 222, 223. 
Membianes, living, 292. 

semi- permeable, 289. 
Mercurial air-pump, 279. 
Merouiy chloride ■ iodide temperature 

indicator, 2E>&. 
Mesoblsstic tissaes, 60. 
Metabolism, 2, TO. 

endogenous, 1S8. 

exogenous, 187. 

gaseous, of body, 177. 
Metapruteins, 66, 216, 295. 

experimentson, 12, 43. . 
Meth^moglobiD, 148, 162, 163, 217, 
241 

orTBtals of, 287. 

in urine, 214. 

Methane, 
Methyl, 14, 

alcohol, 114. 

glucosides, a a.nd B, SI. 

glycine, 48. 

guanidiiie acetic aoid, 48. 

indole, 47. 

uracil, GO. 
Metschuikoff's view ol phagocytosis, ][ 
Mett's method for protcodastic eniymi 



Micro-elementary analysis (Pregl), 299. 
-filtration apparatus, 299. 
-Kjeldahl analysis, 399. 
-olganiame, SB, 67. 

action on cellulose, 89. 
-polsrimetric method of E. Fischer, 

299. 
-pyonometer, 300. 
■ Microscopic molecular weight esUmS' 
tions, 300. 
Micro-apectroscope, 160, 241. 
Milk, 87, 72-77, 229, 230. 
alcoholic fermentation of, 75. 
anti-body to, 157. 
citric acid of, 78. 
coagulation of, 74, 229. 
composition of, 73. 

dling enzyme, 75, 103, 111. 



My 



232 



lanaly of blood, 399. 



aly 299, 300, 

8 184, 206. 

IB m thud of analysis, 299. 



fat 



1. 229. 



fata of, 36, 72, 75. 
proteins of, 73, 74. 
skimmed, 68. 
iouring of, 73, 75. 
sugar, see Lactose, 
tests for, 68. 
Millon's reaction, 41, 56, 61, 69. 

reagent, 41. 
Mineral adds and ammonia excretioii, 
190. 
and fats, 37. 
and proteins, 65. 
compounds in body, 1, 9. 
salts, action on living organisms, 237. 
Mixed saliva, 97. 
Molecular basis of chyle, 131. 
reactions, 92. 

weight estimation, microscopic, 300. 
Molisch's test for carbohydrate, 21. 
Molybdic acid solution for Neumann's 

method. 260. 
Mouo-acetin, 3S. 

-amino acids, 47, 49. 
dihydroxy alcohol, 39. 
nitrogen in proteins, 52. 
-carlioxylic acids, 16, 
amino-Bcids, 49. 
Monochromatic light, 277. 
Mono-hydric alcohol, 3, 14, 35. 38, 249. 

alcohols, 14, 15. 
Mononucleotides, 65, 202. 
Monosaccharides, 24, 26-29, 
Mono-sodium urate, 199. 
Mono -urates, 198, 
Monoxypurine, 64, 200. 
Moore on osmotic pressuru of proteins. 

293. 
Moore's test for glucose, 20, 25. 

■B and Frazer on Van 't HofTa 
hypothesis, 290. 
Momwitz on bloud coagulation, 141, 
's test for tyrosine, 237. 
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Morru BQd' BrowQ od starch hydrolysis, 

Hacio acid, 26, 228. 
Mnoin, 62, 217. 

in saliva, 83, 97. 

teats for, 43. 
MuciDogen granules, 97. 
Mncinotd aubBtBDce of bile, 121. 
Maooidg, fll, 62. 

tests for, 43. 
Mucous acini, 97. 

cells, 96. 

glands, 62, 97. 
Hnous, 02. 

in unne. 197, 203, 216. 
Mnnk on fat synthesis, 132. 
Murai, 198. 

Mureiide test for uric acid, 196, 198. 
Muscle, 77, 246-248. 

cardiac, 246. 

coagulation of, 246. 

fibrin, 246. 

involuntary, 246. 

pale, 247. 

piKments, 247. 



plas 



t, 245. 



proteins, beat coagulatiou of, 215. 

red, 247. 

respiration, 175. 

sugar, see Inositol. 
Hnseular activity and heat forniatioD, 
176. 

enerftv, source of, 1S5, 186. 

n carbon output, 70. 
ogen outpnt, 70. 
Muta-iotation, 31. 
Myelin, 37. 

farms, 39. 
Myogen, v. Fiirth'a, 246. 
Mychnmatin, 247. 

spectrum, 247. 
Myosin. 2, 60, 77, 89, 245. 

T. Furth's, 245. 
Uyosinogen, 65, S9, 246, 246. 
MyxcEdema, 118. 



Hail, 61. 

Narcotic sfTect of aniestbetics, 297. 
Natural emulsion, 37. 
Negative elfect, 187. 

electrical charges, 92. 
Nencki on hiemin, 147. 

on urea formation, 189. 
Nernst's eleetiometric metliod for acidity, 

293. 
Nerve, chetnistty of, 37, 61, 248, 249. 



degeneration, chemistry of, 249, 2&0. 
Nervous system, 61. 
tbsiies, chemistry uf, 243, 249. 



Nessler's reagent, 253. 

Neumann's method for total phosphorus, 

7, 260. 
Neuroglia, 61. 
Neurokeratin, 61, 248. 

-stearic acid, 39. 
Neutra! fat, 36. 

point, 298. 

salts, action on carbohydrates, 30. 
action on proteins, 42, S7, B8, 66, 
69, 134, 230. 
Nickel, 8. 

Nicol's prism, 274, 275. 
Nissi bodies, nature of, 248. 
Nitrateofurea, 184, 185, 196. 
Nitric oxide beemoglobin, 148, 154, 
Nitrogen, 1, 8. 

amount evolved from urea, ISO. 

distribution in proteins, 63, 54. 

estimation of, 251, 252. 

excretion of, 10, 70, 187, WH. 

in blood. 170. 

solubility in water, 162. 

tests for, 5, 6. 
■ Nitrogenous food, 70-72. 

kaUboIites, 187. 

lipoids, 2, 37- 
Nitrous acid, action on amino-group, 53. 

on urea, 134. 
Non-amino nitrogen in proteins, 53, 54. 

-electrolytes, 62, 290. 

■nittoeeuous lipoids, 2, 37. 
residue of amino-acida, uses of, 72. 
130, 188. 

-protein nitroeen in blood, 129. 
Nuclear metabolism, 200, 201. 
Nucleases, 65, 202. 
Nuclei, 62. 
Nucleic acid, 62, 63. 

decomposition of, 63, 64, 65. 
Nuclein, 2, 9, 10, 62. 64, 
Nucleiuases, 202. 

Nucleo-protein, 2, 7, 9, 50, 58, 62-64, 
240- 

aud coagulation, 138. 

decomposition schema, 64. 

in bile, 122. 

in cell protoplasm. 2, 63. 

in heart muscle, 246. 247. 

ill involuntary muscle, 246, 247. 

in nervous tissues, 248- 

in voluntary muscle, 246, 247. 

intra- vascular injection of, 240. 

pre]>aratioii uf, 63, 240. 

solvent for. 63, 240. 

tests for, 217, 
Nucleosidases, 202, 
Nucleosides, 65.. 
Nucleotidases, 202, 
Nucleotiiles, B!>. 
Nucleus, benzene, 18, 19. 
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Oxalic «cid, 17. 

tSBls far, 13. 
OxtdaseB, 89, 120, 202. 

iu apermatozoa, 237. 
Oxidative sazymeB, 6G. 
Oiy-choleBterol, micro-matliod of as 



for indican, 266. 
Oieates and liquid crystals, 275. 
Oleic acid, S5, 36. 

in nerve def(eaeiation, 260. 
Olein, 34, 35, 36. 

melting-point, 3 






t for, S 



OUyl, ; 
OlfactoTj narvB, 85, 
Olive ail, 33. 
Oliver's, Dr G«orge, 
269. 



hiemacj tometer, 



hiemaglabiDonieter, 272. 
Opaouins, 158. 
Optimnm diet, 72. 

temperature of enzyme action, 93. 
Orcin reaction for pentoses, 223. 
Ordinary ray, 273, 274. 
Organic catalysts, SI. 

chemistry, 9. 

phoBphates in iirine, 230. 

Tadioals, 14. 
Organs of excretion, 10, 294. 
Ornithine, 48, 91, 202, 216. 

bacterial action on, IIS. 

fateof, 189. 190. 
Osazones, 222. 

Osborne on milk coagulation, 7S. 
Oamic acid test for fat, 34, 35, 69, 182. 
Osmium, S. 
Osmosis, S5, 289. 
Osmotic pressure, 144, 2S7, 289-294. 

and freezing-point, 21. 

and partial pressure of gaaes, 290. 

calculation of, 290. 

determination of, 2S1. 

of 1 per cent, sodium cbloride, 292. 

physiological applications of, 292. 
Ossein, 60. 

Ovarian cyst flnid, 62. 
Overton on lipoids, 37. 
Ovo-muooid, 62, 77. 
Oi bile, 108. 

Oxalate of calcium in urine, 1B7, 204 
206. 

of calcium crystals, 204. 

of urea, 184, 185. 
Oxalated blood, 139, 238. 



1, 2S8. 
Oxygen, 1, 8. 
capacity of blood, estimation of, 28S. 
iuTilotd, 142, 166-169. 
in solution in blood, 165, 166. 
in unsaturated blood, estimation of, 
283. 



_ glands, 175. 

solub3ity in water, 161. 

tension in arterial blood, 170, 171. 
intissuea, 169. 

want, 172, 174. 
Oxyhemoglobin, 145, 148, 241. 

abaorptioQ apeotnim of, 162, 242. 

crystala, 185, 145, 146, 287. 

diaaociation curve in blood, 169. 
iu water, 168. 

estimation of, 146. 

in muscle, 247. 

in urine, 214. 

photographic spectrum of, 243. 

preparation of pure, 244. 
Oxyntic cells of gastrio glandl, 100-102. 
Osy phenyl. 47. 
p-Oxyphonjl-ftlanine, 47. 
Oxyphenyl-ethylamine, 117. 
Oxyproline, 49, 53, 54. 



Pale muscle, 247. 
Palmitic acid, 35, 36, 87. 
Palmitin, 35,37, 75. 

melting-point, 35. 
Palmityl, 36. 
Paiicreaa, extirpation of, 118. 

grafting of, 118. 

mternal accretion of, 118, 119. 

nervea of, 112. 

of, 110. 



n, 85, 107, 108. 
hormone, 119. 
juice, 28, 110, 111, 236. 2S6. 

actions of, 113-115, 236. 

artilicial, 110. 

oharactors and composition of, 110, 
256. 

regurgitation into stomach, 103. 

secretion of. 111, 112. 
lipase, S 



in, demoneti'ation of, 236, 2i 
'ara-muciu, 62. 
-myosinogen, 60, 245-246. 
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Panuites, gastric juice on, 80. 
Faraaitic worms and acti-trypsin, lOS. 
Parietal or oxyntio cells of fuodus glands, 

SB, 100, 101, 
Parotid gland, B5. 

Boliva, 07. 
Partial pressure of a gas, 1S2. 

of oxjgen in tissues, 171, 
Passive immunity, 15S. 
Pasteur on ciraulsT poIarisatioD, 27S. 
Pathogenic bacteria, 158, 
Pathological uiine, 207, 

pigments of, 266. 
Pauli on iaoic actions, 2BS. 
Pavy on fate of liver glycogen, 128. 

on carbohydrate radical iu protfiioB, 
82. 



Pavy's solution 


or glucose eBtimation 


210. 






Pawlow on entero 


kinase, 80. 




ves of stomach, 102. 


on ^nninl^oT 






on sucoua entericus, 112, 


13. 


Peas, 70. 






Penicillinm and 

278. 
Pantoaes, 24, 84. 


circular 








tests for, 223. 






Pepsin, 88, 89, BO 


98, 101 


102, 108. 



hydrochloric acid. 90, 102. 

on polypeptides, 114. 

precipitation of, 108, 
Pepsinogen, BO, 101. 
Peptic activity, estimation of, 2S1-283, 

digestion, lOS-106, 

Fepto-lytic or pepto-clastic enzymes, 89. 

91, 113, 
Peptone, 46, 52, 67, 65, 89, 104, 106, 
219, 237. 
blood, 140, 239. 
effect of intra- vascular inii 

on blood pressure and leucocytes, 
239. 
in urine, 213. 

and pus, 213. 
nature of, 68. 
plasma, 140, S3S. 
precipitants for, 106, 230. 
Watsfor, 41, 42. 
Witte's, eiercises on, 230, 281. 
Peptonuria, 213. 
Perfect foods, 70, 72, 
Pericardial fluid, coagulation of, 142. 
Peristalsis in stomach, B8. 
Peroxidase of milk, 154, 
Pettenkofer's test for bile salts, 108, 123, 
Pflilger's method of glycogen estimation, 
221. 



EX 317 

Phenol, IS, 116, 198. 

-phtlialein, 33, 34. 

tasts for, 13. 
Phenyl, 46. 

'alanine, 4S. 
intra-vaacular injection of, 131. 

'hydrazine test for sugars, 29, 214, 
222. 

-sulphat« of potassium, 193, 
Phioridzin, 119. 

diabetes, 119, 
Phloroglucinol reaction for pentoses, 223. 
Phosphate, stellar, 206, 206, 

triple, 206, 206. 
Phosphates, alkaline, in urine, testa for. 



179. 
deposit ic 



It for, 2i 



I, 197, 208, 205, 206. 



earthy, in urine, estimation of, S 
tests for, 179. 

in urine, 194, 195. 
daily amount, 195. 
estimation of total, 269, 260. 
origin of, 10, 192, 196. 
Phosphatides, 37, 39. 145.'248, 250, 
Phoapho-molybdic acid, 280. 

'proteins, 68, 61. 
importance of, 61. 
Phosphorus, 1, 7, 8. 

estimation of total, 260. 

in nerve degeneration, 250. 

in serum globulin, 61. 
Phospho-tungstio acid, 62, 230, 

solution, 256. 
Photographic spectra, 243, 244. 
Phrenosin, 39. 
Phyllo -porphyrin, 148. 
Phyaiologieal chemistry, 1. 

compounds, testa for elements in, S-7, 

proximate principles, 216-218. 

salt solution, 144, 
PhytO'ChoIesterols, 38. 
Phytosterols, 38, 125. 
Picramio acid teat for glucose, 25, 26, 
Picric acid, 13, 26. 
Pigment of muscle, 247. 

of pathological urine, 265, 266. 
absorption spectra of, 266. 

of red corpuscira, 145. 

of urine, 263. 
Pilocarpine injection on zymogen graU' 

ules, 237, 
Piotrowski'a reaction, 41, 58, 
Placenta, putrefaction of, 116. 
Plain muscle, 246, 247, 
Plane of polarisation, rotation of, 275. 
Plane -polariaed light, 273, 
Plaama of muscle, 245. 
blood, composition of, 141. 
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Plssma, blood, fluoride, 238, 

cases of, 142, 185, 168. 

leech extract, 239. 

mogDesium sulpbat«, 133. 

oxalate, 133, 238. 

peptone, 23 B. 

l>reparatiou of pure, 142. 

proteinaof, 142, 148. 

sodium sulphate, 133. 
Plasmon (caseinogen), 236. 
Poisonous proteins, 86. 
Polanoietera, 26, 276. 

of Laurent, 277. 
Polarlmetric estimatioa of glucose, 23S. 
Polarisation, circular, 278, 278. 

oflight, 273, 274. 
Polarised light, 26. 
action of carbohydrates od, 27S. 

proteins on, 66, 276. 
Polttriser prism, 274, 275. 
Polarising microscope, 275. 
Polished rice and beri-beri, 82. 
Poly nuoleo tides, 65. 

Polypeptides, 45, 51, 85, 68, 89, Bl, 114, 
Polyphenols, 256. 
Polysaccharides, 24, 29, 88. 

tests for, 21, 22. 
Popielski on pancieatia secretion. 111. 
Pork, indigestibility of, 77. 
Portal vein, 120. 
Positive electrical charges, 92. 

phase, 137. 
Potash, alcoholic, 33. 
Fotassio-merauric iodide, 230, 
Potassium, 1, 8. 
caseinogenate, 74. 

ferricyanide on oxyhEemoglobin, 164. 

ferrocyauide in phosphate estima- 
tion, 259, 

in tissues, detection of, 219. 

-indoxyl sulphate, 193, 194. 

oxalate in ammonia esrimation, 253. 

palmitate, 37. 

permaDganate, ^ solution, 266. 

thiocyanate, 83, ST. 
solution for chlorides, 258. 
Potatoes, 71. 
Potato -starch, 21. 
Precipitants of proteins, 57. 
Precipitation, 67. 
Precipitins, 76, 159. 

specilicity of, 189. 



Pressor bases in 



'o-elementary analysis, 2: 



', 117. 



propyl alcohol, 15. 
proteoses, 104, 105, ] 
salts of uric acid, 19( 



Principal cells of gastric glands, 100. 

Prisms in direct vision spectroscope, 150. 

Pro -amylase, 118. 

Proline, 4fl, 63, 64. 

Prolipose, 113. 

Propeptonea = proteoses, 85, 104. 

Propionic acid, 45, 46. 

aldehyde, 16. 
Propyl alcohol, 15. 

ketone, IS. 
Pro-secretin, 111, 236. 
Prosthetic group in i>roteins, 62. 
Protagon, 39, 
Protamines, 58, 59, 63, 
Protective inoculation, 166. 
Protein hydrolysis, 65. 

metabolism, 44, 187. 

-sparing food, 61. 
Proteins, 1, 2, 5, B, 44-67, 70, 81, 83. 
216. 

absorption of, 1-28. 

cbromo-, 62. 

classificatioii of, 58. 

cleavage products, 45-50, 72, 129. 

Goa){ulated, 57. 

colour reactions of, 41 , 42, 66. 

composition of, 2, 41. 

conjugated, 61. 

crystallisation of, 56, 228. 

definition of, 44, 

diBestion of, by gastric juice, 84, 104. 
by uancreatic joice, 105, 113, 114. 

flocoulent precipitate of, 391. 

gluco-, 62. 

heat coagulation of, 11, 56, 

in pathological urine, 218. 

nitrogen distribution in, 53, 54. 

nucleo-, 62, 

of blood plasma. 133, 142, 113. 

of milk, 73, 74. 

of muscle, 216, 246. 

of serum, 133, 142. 

osmotic pressure of, 293. 

phospho-, 61. 

precipitauts of , 41. 57. 

putrefaction of, 116. 

salting out, 57, 58. 

sclero-, 60. 

separation of, 230. 

solubilities of, 51. 

tests for, 41-13. 
Proteoclastic enzymes, 88. 

activit3;or, 330, 231. 
Proteolytic enzymes, 88. 
Proteoses, 12. 15, 63, 67, 65, 66, 89, 
104, 216. 

in urine, 213. 

intra- vascular injection of, 129, 239. 

separation of, 230, 231. 
Pro-thrombin, 90, 138. 
Protones, 68. 
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Pi'otoplssm, 2. 

and surface te 

chemical at 

substances in, 2. 
Proto-ptotBose, 104, 105, 230, 231. 

-trypsinogaii, 113. 
Proximate principles, classification of, 1 
2. 

of food, 70. 

scheme for detecting, 21B-SIS. 
Pseudo-globulin, 134, 248. 

-mucin, 62. 
Pseudopodia formation, 297. 
Ptomaines, 86. 

Ptynlin, 28, 83, 88, 91, »7, 98. 
Pulmonary ventilation, 174. 
Pulses, 79. 

Pump, mercurial air., 280. 
Puncture diabetes, 119. 
Purine, 64, 200. 

basee, 29, 50, 61, 63, S4. 200. 
Purputttte of ammonia, 196. 
Pus in urine, 203, 206. 

tests for, 214, 215. 
Putrefaction, 1, 28, 86, 116. 
Putrescine, 116. 

in urine, 215. 
Pycnometer, Schmalz's capillary, 273. 

micro-, 300. 
Pyloric glands, 99, 100. 
■ Pyridine. 19. 
Pyrimidine, 82. 

bases, 49, 63, 64. 

Pyrocatechiu in urine, 266. 
Pyrrol, 19. 



Quantitative 

of chlorides, 258. 
■ne, 257. 



ofenzyineB. 231-236. 
of fats in milk, 229. 
of glucose, 209, 210, 22; 
of glycogen, 221. 
of lactose, 211. 
of maltose, 211, 227. 
of nitrogen. 251, 253. 
of phosphates, 259. 
of phosphoms, 260. 



Qosntity and t 



n of gaa in blood. 



of, 267-270. 



Quarts, influence on light, 276. 
use in polarimeter, 276, 277. 

Racehic aoid, 278, 279. 

Bamsden on milk fat, 75. 

Rancid oil, S4. 

Range of indicators, 298. 

Ranke'a diet, 71. 

Reaction of fluids, determinatioi 

velocity, 92. 
Reactions of first order, 92. 

of second order, 93. 
Receptor groups, 167. 
Red blood corpuscles, 144. 

composition of, US- 
Red corpuscles, 

action of reagents o] 

pigment of, 144. 
estimation of, 270-272. 
Bed muscle, 247. 

Reduced biematin, see Hiemochromogen, 
147. 



35. 

agents, 148, 

power of sugars, 211. 

sugars, estimation of, 210, 211. 
Reductases, 89. 
ReSex action (saliva), 95. 
Reid, Waymouth, on absorption, 293. 
Rennet, 57, 68, 73. 74. 77, 89,101, 103 

229. 
Resin, aldehyde, 12. 
Respiration, chemistry of, 160. 

external, 160. 

intensity of. 177, 178. 

internal or tissue, 160, 175. 

normal chemical stimulus for, 174. 

regulation of, 173. 
Respiratory centre, 173. 

effect of blood gases on, 173, 174. 
effect of nerves on, 174. 

oxygen of hiemoglobin, 148. 

pigments, 145, 165. 



quotii 



t, 161. 



eft'ectofdifiton, 161. 
Reversibility of enjyme action, 94. 
Rhythmical action, Howell on, 287. 
(J-Ribose, 64. 65. 
Rica and gliadin. 67. 
Rjoin, 157. 
Rigor mortis, 80, 89, 246. 

scheme of changes in, 246, 
Ringed amino-acide, 49. 
Ringer on contractile tissues, 287. 
Roafs method of comparing proteolytic 
activity of enzymes, 231. 
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Rosenheim's formaldehyde reactian, 41, 
Rotation of [ilane of pokiisation. 275. 
Rotatory power, specific, 277, 278. 



Saccmaiiic aciii, 26, 228. 

sugars yielding, 223. 
Saccbarimeter, Einhom's, 208. 

Laurent's, 27ti. 
St Martin, Alexis, fistula of, 100. 
Salidn, 31. 

Salicylic acid in nrioc, 211. 
and ToUens' test, 221. 

alcohol, 31. 
Salicyl-Bulphonic acid, uae of, in separa- 
tion of proteins, 231. 
Saliva, 28, 43, 95. 

composition of, 97. 

teats with, 83. 
Salivary corpuscles, 97. 

glands, S5-S7. 

nerve supply of, 115. 
Salkowski's reaction for cholesterol, 109. 
Salmine, a9. 
Salt solution. 
Salted blood pi a: 

muscle plasma, 'na. 

whey, 89. 
Salting out, colloid carbohydrates, i 



of urine, 192 
Sampling tube HaldaneB 171 
Saponification 33 37 114 131 
Saponin, 159. 

action on egg cells 287 
Sarco-lactic acid 171 246 

in nerve, 249 
Sarco!emma, 61 
Sarcostne, 48, 191 
Scatole, 47, 116 

Schiifer on fat absorption 130 131 
Schifl'oucirculatonofbU 122 125 

on the biuret reai.tian 57 
Sohiffs test for unc acid IBS 
Sohiio-mycetes types of 87 
Schloaing's method of ammonia estima 

tion, 252 
Schmah's capillary [ yen meter 273 
Schmidt on salts of plasma 143 
Schmidt's method of thrombin props a 

tion, 143 
Schroder's espenments on urea foina 

tion, 189 
Schiitz's law of ei zyme action 95 232 
Sclero -proteins 68 60 



Seott on regulation of respiration, 174. 
Scurvy, 82. 
Sebum, 38, 

Secondary alcohol, 15, 

oxidation of, IS. 

projiyl alcohol, 16, 



!, 104. 



; acid, 1 98. 






Iirejiaration of, 236. 
Secretion, external, 118. 

internal, 118. 

of gastric juice, 98. 

of pancreatic juice, 111. 

of oxygen in lung, 172. 
in swim bladder, 172. 

of saliva, 95. 
Sediments in urine, table of, 206. 
Seeds, proteins in, 67. 
Semi'normal potassium bichromatt 

-permeable membranes, '. 



257. 



Serine, 45, 46. 
Sei'oua alveoli, 96, 

gland, 95. 
Seri)ent'9 uiine, 255. 
Serum, 55, 143, 144. 

agglutinating action of, ISS. 
albumin, 59, 134, 143. 
cleavage products of, 60. 
cryBtallisation of, 56, 228. 
heat coagulation of, 55. 
bacteriotdal action of, 165, 156, 157. 
gases of, 142. 

globulicidal action of, 156, 156, 167. 
globulin, SO, 134, 143. 
cleavage products of, 50. 
coagulation of, 55. 
I hcsphoms ill, 61. 
tests for, 134. 
gluoo e in, estimation of, 240. 
futen 133. 
proteuB, 142. 

separation of, 134. 
tests fur, 133, 134. 
Sham feeding, 103. 
Sheep B wool fat, 88. 
Sheriingtoa'B solution for leucocytes, 269. 
Side chain theoiy of immunity, 157. 
Silicic acid filter, 295. 
Silicon 1 8. 
Silver 8 
nitrate solution for estimating chloridee. 



Ski nmed milk, 68, 73. 
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Snftke Tenom, nature of, ISA. 

Soaps, 34, 37, 111, 114, 121. 

emalsifying action of, 115. 

Sodium, ] , 8, 9. 

owbonnte in blood, 170. 
csseiQOgenat«, 74. 
chloride, action on fibrioogen, 143. 
on deutero-proteoea, 230, 231. 
on nucleo-proteina, 63, 240. 
emission spectrum of, 149. 
bjpobromite solution, 180. 
action on urea, 185. 
metbod for urea, 180. 
defects of, 2Bi. 
phoaphate and alkali-metaprotein, 43. 

acid in urine, 1S3. 
solphate plasma, 133. 
Sol, 294. 

Sotar spectrum, 149. 
Soluble starch, 29. 
Solution affinities and diffusion, 297. 
Solutions, 286. 
Sorbitol, 23. 
Sorensen'smetbod of comparing enzymes, 

Soret'a band, 244. 
Soap, 81. 

Souring of milk, 75, 86. 
Soj b«aus, '29S. 
Specific gravity of bic 



278. 



:, 73. 
I, 18S. 



oxygen capacity of haemoglobin, 166. 

rotatory power, 277, 278. 
Specificity of en^mes, 65, 90. 
Spectra of blood pigments and derira- 
tives, 135, 150-154, 241-244. 

pbotagrapbic, of beemoglobin, 243. 
of metUEemoglobin, 243, 
of oiyheemoglobin, 243. 

of nrinary pigmenla, 263-266. 
Spectromeliic metliod for cholesterol 

estimation, 299. 
Speotroacope, 149,150. 
Spermatozoa, 62, 63. 

action on egg cell, 287. 

in urine, EOS. 
SphB^ro-crystals, 40. 
Sphingo- myelin, 37, 40, 248. 
Spbingosine. 89. 
Spleen hormone, 118. 
Splitting process, 94. 
Spores, 36. 

Staphylooocous and peptonuria, 213. 
Stuoh, 2, 28, 29, 80, 88, 92, 98, 215. 

action of diastase (malt) on, 226. 

cellulose, 29. 

gnusB, 29. 

grannlose, 29. 

saliTary digeation of, 98. 



Starch, soluble, 28. 

tests for, 21. 
Starling on osmotic pressure of proteins, 

293. 
Starling andBayliss on secretin. 111. 
Stearic acid, 34, 35, 36. 
Stearin, 35, 36. 
Stearvl, 36. 
Stein s method for hemoglobin crystals, 

145. 
Stellar phosphates in urine, 194, 20S. 
StercobLlin, 124, 182, 283. 
Stereo -chemical isomerism, 24. 
Stewart's dietary, 71. 
Stimulants, 81. 

Stokes's reagent, 135, 148, 241. 
Stomach glanda, 99, 100. 

secretion of, 101. 
Sturine. 59, 
Sublingual gland, 97. 
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Submaxillary gland, 96, 97. 

saliva, 97. 
Substrate, 88, 91, 94, 233. 
Suocus entericus, 27, 90, 112. 
Sucrose, 24, 27, 91, 94, 216, 222. 

constitutional formula of, 82. 
of. 211. 



)f, 27. 

tests for, 21. 
Sudan III., fiit stain, 35. 
Sugar of blood, 128, 143. 
estimation of, 240. 



ofui 



a, 213. 
confirmatory teats for, 214. 



Sugar, maple, 37. 
Sugars, 24. 

phenyl-hydrazine, teat for, 222. 

reducing, 20. 
Sulphates in urine, 10, 192, 193, 258. 

amount per diem, 193. 

and urea excretion, 192. 

of ethereal, 261. 






!, 261. 



10. 



1, 265. 



estimation of total, 262. 

micro-sstimation of, 299. 

tests for, 6. 7. 
Sulphuric acid, 44. 
Superheatfid steam, action on fats, 37. 

on proteins, 65. 
Suprarenal, removal of, 118. 
Surface tension, 296, 297. 

and bile, 132. 
Suspending medium, 34. 
Suspeusion, 54, 295, 296. 
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Sweetbreads and uric acid, 201. 
Swim- bladder, secrBtian in, 172. 
Symbols of elementB, S. 
Sympathetic nerve, 95. 

saliTa, S7. 
Synthesis of proteins in intestine, 12fi. 

in tissues, 129. 
Synthetic process (enzyme action), St. 



Taknin, si, 2B0. 
Tapetum, 201. 
Tupeworms, 80, 
Tartaric ooid, 194. 

and circular polarisalion, 278. 
Taurine, 204, 205. 

infsces, 125. 
Tauro-carbamic acid, 125. 
Taurocholate of sodium, 121, 123. 
Taurocholic acid, 133. 
Tautoraerism, 32, 19B. ■ 
Tchistovitch's experiments, 159. 
Tea, 81, 200. 

Teichmann's crystals, H7. 
Temperature indicator in Folin's method, 

255. 
Teiido-mncoid, 62. 
Tendon, 43. 
Tension of carbonic dioxide in blood, 172. 

of gas in fluid, 1S2. 
measurement of, 163. 

of gases in lisaues, 172. 

uf oxygen in blood, 172. 
Teri>ene series, 33. 
Tertiary alcohol, IB. 

alcohols, oiidation of, 18. 
Testis, 240. 

removal of, 118. 
Tetra-peptides, 52. 
Tetroses, 24. 
Theine, 81. 

Theobromine, 81, 200. 
Theophylline, 300. 
Thoma-Zeiss hemacytometer, 268. 
Thoracic duct, 131. 
Thrombin, 89, 90, 138-141, 1*8. 

Sre]>aration of, 133. 
chmidt's, method of preparation, 143. 
Thrombogen, 90, 188, 139. 
Thrombokinase, 90, 138, 139. 

nature of, 141. 
Thromboplastin or kinase, 141. 
Thrombosis, 138. 
Thudichum on protagon, 89. 
Thymine, 50, 64. 
Thyroid, 9. 

removal of, 118. 
Tin, 8. 
Tisiue enzymes, 65, 191. 

fibrinogen, 240. 

metabolism, 187-190. 



Tissue protein, 187- 

respiration, 160, 175, 176. 
Tissues, functional activi^ of, 298. 

gaseous exchange in, 171. 
Titration acidity, 298. 
Tollons' test for gljcnronic aoid, 323, 

224. 
Tomes on enamel, 60. 
Tonometer, Barcraft's, 16S. 
Tonsils, 97. 
Tooth, 9. 

Topfer'a test for hydroohlorio acid, 335. 
Torricellian vacnum, 14S. 
Toxins, 38, 15S, 159. 

mode of action, 1G7. 
Triocetin, 36. 
Tribromo- phenol test, 18. 
Triohinte, 80. 

Trichlorocetio acid in the preparation of 
proteins, 231. 
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Trimethyl -xanthine. 200. 
Triolein, 38. 
Trioses, 24. 
Trioiypurine, 84. 
Tripalmitin,36. 
Tripeptides, 52. 

Triple phosphate, 194, 195, 197. 205. 
Tri3tearin,"36. 
Trivalent ions, 288. 
Troramer's test, 20, 25, 69. 
TropKolin test for hydrochloric acid, 235. 
True acidity of uriue, 298. 
Trypsin, 89, 90, 110, 113, 114, 236. 
Trypsinocen, 90, 110, 113, 236. 

Mellonby and WooUey on, -113, 
Tiyptic activity, estimation of, 232, 238. 
T^plophane, 48, 47, 58, 64, 61, 114. 

intra- vascular injection of, 131. 

test for, 237. 
Tubulo'racemose gland, 110. 
Tunicates, cellulose in, 30. 
Tyndall phenomenon, 298. 
Tyrosine, 19, 46, 47, 81, 111, 114, 287, 

crystals, 47. 

in urine, 203, 215. 

intra- vascular injection of, 131, 189. 

preparation of, 337. 

tesU for, 237. 
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reagent, 235. 
Umbilical cord, 4 
Uncooked starch, ptyolin and, 
Uni molecular reactions, 92, "' 
Unpeptonised proteins, bile 
Unsaturated bodies, " ' 
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UtftcU, 66. 
UtamU, 186. 

UTanitmi solntioti, aiwidard, preparation 
of, 269. 
and phoaphoric acid, 259. 
Urate, acid aroraonium, daposit of, 303, 
204, 208. 
acid sodium, deposit of, 203, 204, 206. 
Unil«B, 198, 199. 
a and B, form of, 19S. 
and Fehling's test, 213. 
deposit in urine, 197, 208, 204. 
apeotrum of, 366. 
Drca, 2, 10, 44, 91, 184^190, 202, E17. 
cIiaracterB and composition of, 184. 
compouuda of, 184. 
decomposition of, 184, 186. 
eatimation of, by hjpobramite, 180. 
Benedict'a method, 254. 
Foliu's method, 254. 
Marshall's micro-method, 299, 
mode and site of formation, 186-190. 
nitrate, 184, 185. 

formation of, 196. 
oxalate, 184, 1S5. 

formation of, 196. 
preiiaiation of, 2f>3. 
quantity excreted, 183, 186. 
testa for, 179, 253. 
Ureaae in soj beans, 29S. 
Uric acid, 04, 187, 198-208, 217. 
amount eiecieted, 1B9. 
characters of, 198. 
crystals of, 199. 

deposit in urine, 196, 203, 204. 
estimation of. 190. 
Folin and Macallum'a method, 268. 
FoliDTShaffer method, 265. 
in Mood, estimation of, 256. 
lactam form, 199, 301. 
lactim form, 199, 201. 
preparation from urine, 198. 
preparation of pure, 255. 
primary salts of, 198. 
secondary salts of, 1 98. 
testa for, 196, 197. 
Uricoljtic enzyme, 202, 20S. 
Urina potus. 183. 
Urinary calculi, 204. 

deposits, 203. 
Urine, 10, 179-215, 217, 261-266. 
albumin in, 207. 

estimation of, 207. 
amino-acids in, 187,216. 

ill normal, 215. 
amount, 182. 
bile in, 212, 214, 266. 
blood in, 214,286. 
blood pigment in, 214. 
characters of, 182. 
chlorides of, 192, 258. 



Urine, ohlomogena of, 266. 

composition ot; 183-184. 

formation of, 182. 
and osmotic pressure, 292. 

inorganic constituents of, 10, 192, 268. 

micro-chemical analysis of, 2S9. 

pathological, 207. 

peptone in, 213, 

phosphates of, 10, 194, 196, 268, 269, 
260. 

pigments of, 263-268. 

pressor bases of, 117. 

sulphates of, 10, 193, 261, 262. 

tests for, 179, 196. 
Uriuometer, 183. 
Urobilin, 124, 182, 18S, 214, 26S, 264, 

266. 

absorption spectmm, 286. 

acid, 264. 
absorption spectrum of, 286. 

preparation of; 264. 
Urobilinogen, 182, 264. 
Utochrume, 188, 263. 

estimation of, 268. 

preparation of, 263. 
Uroerythrin, 197, 201. 

absorption spectrum of, 266. 

preparation of, 264. 
Urorosein, 266. 

absorption spectrum oF, 265, 
Urotropine, 253. 



Vagus, on oxygen at 

on respiration rate, 174. 

on stomach, 102. 
Valeric acid, 45, 116. 
Valine, 45, 46, 
Van Sljke's method of estimating ai 



rogen 



J, 234. 



method of protein analysts, 53. 

micro-method for amino -nitrogen, 299 
Van 't Holf and circular polarisation 

278. 
Van 't HofTs hypotiiesis, 290. 
Vegetable acids, 194. 

albumins, 67. 

foods, 70, 79. 
composition of, 79. 

globulin, cry stall iaation of, 228. 

globulins, 67. 

proteins, 68. 
cleavage products of, 66. 
Vegetables, green, composition of, 81. 
Vegetarians, urine of, 183. 
Velocity of reaction, 91. 
Venous blood, 148. 

carbon dioxide tension of, 172. 

fiBses of. 170. 
VilluB during fat absorption, 130. 
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Vinegar formstion, 86. 
Virchow on myelia forms, 39. 
Vital action, BS2. 
Vitamines, 72, 82. 
Vitellin, 56, 61, 74, 77, 104. 
VitelloMB, 104. 
Vitreous humour, 43. 
Voit OD nitrogen in fceces, 127. 
on circulating protein, 187. 
Voit'a diet, 71. 

VolbanJ's method of chloride estimation, 
2S8. 



Water in food, 70. 

in protoplasm, 2, 
Wave theory of light, 278. 
WeanmR, lactose in urine, 28. 

late, and iron in milk, 72. 
Wtioland on antipepaiii, 106. 
WortheimEr and Le Page on 



I, 181. 



111. 
Weyl's test 
Whartonian jeuj, 43. 
Wheat, ea. 
flour. 69. 
Whetstones of uric acid, 198, 208. 
Whey, 68, 74. 
protein, 74. 
salted, 69. 
Whipping blood, 136. 
White corpuscles, 144. 

enumi^ration of, 263, 269. 
ofeng, 2, 55,77, 84. 
globulin of, 62, 77. 
ovomucoid of, 82, 77. 
Whole floor, 78. 

meal bread, vitamins In, 82. 



Widal's reaction in typhoid, 158. 

Windaus on oholestprol, 38. 

Winterstein's method of oxygen estima- 
tion in blood, 399. 

Witte's peptone, tests with, 230. 

Wahler'9 synthesis of urea, 184. 

Wohlgemuth'a method of estimating 
diastatio enzymes, 227, 

Wooldridge and tissue fibrinogen, 210. 

Wooldridge's method for nucleo-proteins, 
63, 240. 

Wright, Sir A, E., on opsoains, 158. 

Xahthihb, 64, 65, 111, 200, 201, 202. 
Xantho-proteic reaction, 41, 56, 69. 
Xauthydrol compound of urea, 299. 
" 'ose in wood shavings, 233. 

Yeast, 28, 27, 28, 64, 65, 76, 79, 82, 
86, 88, 203. 
ztion in bread-making, 79. 
in testing for sugar, 208, 214. 
Yellow elastic fibres, 61. 
lipochromeoffat, 247. 
Yolk of egg, 77. 
spherules, 77. 

Zeih, 66. 

cleavage products of, SO. 

nitrogen distribution in, 53. 
Zinc, 8. 
Zymase, 27, 87, 88, 90, 208. 

and jihoBphates, 90. 

Zymogen, 90, 101, 110, 138. 
granules, 110, 237 
pilocarpine on, 237. 
, Zymogens, 110. 
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